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If you pulverize coal, look into these 3 major 
advantages of C-E RAYMOND BOWL MILLS 








Operate longer between outages 


Compensate automatically for 
grindability variations 


All adjustments and lubrication 
made from outside the mill 


Handles coals of even 50% moisture content quickly...easily 


Since 1935, when the C-E Raymond Bowl Mill was intro- 
duced, more than 3,000 have gone into service in power 


plants all over the world. They operate continuously for 
many thousands of hours with minimum maintenance care 

As the inset shows, there is no metal to metal contact 
between the grinding elements, even when the mill runs 
empty. This gives you lower wear, quieter operation, less 
frequent replacement of parts 

The grinding rolls are mounted on spring-loaded journals 
which automatically adjust to variations. Fineness control 


adjustments and replenishment of the lube system are made 
from outside the mill — without shutting it down 

You can handle coals like lignite — with 50% moisture 
trouble free. The incoming raw coal is premixed with coal 
already dried in an atmosphere up to 800 F air for rapid, 
thorough drying. And you are assured of low power con- 
sumption by the low weight of the grinding elements, quick 
drying, and rapid fiow of material through the mill 

For full details on the many other features of C-E Ray- 
mond Bowl Mills write for catalog PC-8. 
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You must know BOTH* 
to get maximum combustion efficiency! 


How much money is going up the flue in 
unburned fuel losses? Is too much air result- 
ing in excessive heat losses? 

You must know both facts—simultaneously 

to get optimum combustion. No instrument 
that measures only one of these interdepend- 
ent factors can give you the full information 
you need. 

Bailey offers a choice of two direct ways 
to maintain a continuous and simultaneous 
double check on these factors that determine 
combustion efficiency. The portable, light- 
weight Bailey HEAT PRovER Analyzer indi- 
cates both; the Bailey Oxygen-Combustibles 
Analyzer-Recorder records both on a single 
chart. Both instruments measure excess air, 
regardless of fuel or fuels being burned, and 
per cent of combustibles in flue gas. 

Either of these Bailey instruments can save 
you far more than their cost in spotlighting 
combustion inefficiencies. Ask your Bailey 
engineer or write for product specifications. 


OF MAXIMUM 


ZONE 
COMBUSTION EFFICIENCY 


UNBURNED 
GAS 
LOSS 


2 DIRECT WAYS 
to measure both combustibles 
and oxygen simultaneously 


PORTABLE INDICATOR — Self-contained, 
lightweight, Bailey Heat PRoveR Analyzer 
enables quick, easy check on combustion con- 
ditions. Dual range dials for greater accuracy 
and readability. 


PERMANENT RECORDER — Bailey Oxygen- 
Combustibles Analyzer-Recorder coordinates 
both records on one chart... is designed for 
permanent installation...helps maintain 


optimum ratio continuously. 


* Unburned gas loss and excess air loss. 


instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD «+ CLEVELAND 10, OHIO 


in Canada— Bailey Meter Company Limited, Montreal 
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How to Make Your Demineralizers GROW: 
Replace Worn-out Resins with New 
Nalcite lon Exchangers 


Added Capacity Teams 
With Higher Flow Rates, 
Less Pressure Drop, To 
Increase Demineralized 
Water Output at Low Cost 


Demineralizers are like storage space—you can 
always use more capacity .. . And new Nalcite 
resins can help you get that added capacity from 
your present demineralizer installation. 

“Better than new” is a practical prospect with 
Nalcite resins. They not only outperform older 
Nalcite ion exchange materials (which were as 
good as could be made at the time), but they also 
have longer useful life. 


New Nalcite Resins Stay New 


Nalcite HCR-W* cation and Nalcite SBR-P* 
anion exchangers were designed to eliminate the 
enemies of ion exchanger performance: strong 
resistance to bead breakage and loss, and organic 
fouling. keeps capacities up, resin addition down. 


Nalcite SBR-P Anion Exchange resin has taken a 
leading place in the water demineralization field 
since its introduction in 1957. It is a strongly- 
basic anion exchanger with both high porosity and 
high capacity. While it is especially suited for wa- 
ters containing organic matter and color, its high 
capacity and efficiency are good reasons to con- 
sider it as replacement for worn out type 2 as well 
as type 1 resins. It can be used effectively on all 
types of water supplies. Brine washing to remove 
organic matter and color has been eliminated in 
several demineralizers now using Nalcite SBR-P 
in place of older type resins. Excellent particle 
size characteristics add to the efficiency of Nalcite 
SBR-P. Optimum bead size facilitates foreign mat- 
ter removal, minimizes expansion during back- 
wash, and permits use of less freeboard in many 
installations. High flow rate mixed bed demineral- 
ization and applications which subject resin to 
considerable physical handling are other areas 
where Nalcite SBR-P has proved an outstanding 
performer. 


Nalcite HCR-W* Cation Exchange resin has the 
high degree of sphericity and very narrow range 
of particle size distribution that assure low oper- 
ating pressure losses in both mixed and classified 
bed demineralizers. Virtually stress-free HCR-W 
spheres reduce breakage due to regeneration, high 
flow rates or other causes—including drying. 
Nalcite HCR-W beads also resist channeling and 
packing. Nalcite HCR-W has excellent physical 
and chemical stability under most severe deminer- 
alizer operating conditions, plus high exchange 
capacity to make your demineralizers grow in 
efficiency for you. 
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Replace All or Part of Resin? 


Replacement of entire beds with Nalcite SBR-P 
and HCR-W is the way to boost demineralizer 
performance and capacities to top efficiency. Par- 
tial bed replacement may be made with Nalcite 
HCR-W, regardless of the type of cation resin 
used, but due to possible density differences which 
may adversely affect anion exchanger perform- 
ance, addition of SBR-P to other anion exchangers, 
exception in mixed beds, should be made only after 
study. To be sure of your replacement resin bene- 
fits, consult your demineralizer equipment manu- 
facturer, who can engineer these new improved ion 
exchangers into your demineralizer. Write us if 
you have any questions. 


Data on lon Exchangers 

Progress in the practical science of using ion ex- 
changers efficiently is discussed in Nalco Reprint 
84: “Developments in the Understanding of Ion 
Exchange.”’ Practical ion exchanger applications, 
improved laboratory methods, new ion exchange 
materials, and more efficient operating technique 
are discussed. 

New Nalco Bulletins: (HCR-W) Z12 and 
(SBR-P) Z13 provide extensive technical infor- 
mation on these efficient Nalcite Ion Exchangers. 
Your request for any or all bulletins will be 
honored promptly. 

*Registered trademarks of Nalco Chemical Company. 


NALCO CHEMICAL COMPANY 
lon Exchange Division 
6234 West 66th Place . Chicago 38, Illinois 
Subsidiaries in England, Italy, Mexico, Spain, Venezuela 
and West Germany 
In Canada: Alchem Limited, Burlington, Ontario 


Nalee 





Unlike conventional electrical or pneumatic valves, new electro-hydraulically operated Hydramotors remain 
in last position when power is removed — until energized to trip. Designed by General Controls for use on the 
main gas and oil fuel lines of power plants, these Hydramotors are especially built and internally wired to 
close tightly in just one second—but only on operator command. 


This eliminates the possibility of shutdown in case of power source failure...keeps flow to boilers constant at 
all times because these valves are electrically operated. No air pressure or pneumatic piping is required. 


BE QUALITY SURE... ALWAYS SPECIFY GENERAL CONTROLS G Ee N E R A =” Cc oO N T Fe oO L Sg 


Automatic Contro/s for Product or Process 

Giendale, Calif. « Skokie, Ili. « Guelph, Ontario, Canada 
Nine Plants — 44 Factory Branch Offices Serving 

The United States, Canada and Western Europe 


For continuous fuel flow 
and instant shutoff 


—just say““when” to thsenew HY DRAMOTO R° 
VALVES FOR POWER PLANTS 


Hydramotor fuel shutoff vaives are designed for pipe sizes 
from &* through 12° and are available with hermetically sealed 
power units in a choice of two types of actuators 


“KC” type, with simple 3-wire circuitry, uses AC power to open and 
close the vaive. “KA” type, with 4-wire circuitry, meets the 
requirement of standby power by using AC power to open the 
vaive and OC voltage to close it in case of emergency 


if your requirements are for standard Hydramotors which 
de-energize to trip either full closed or full open on 
interruption of power, these are also availabie 

Standard, drip proof, explosion proof and weather proof 
enclosures are available. Accessories include dust shields, 
limit switches, potentiometers and manual opening device 








SPECIAL SWITCH UNIT AVAILABLE 


An auxiliary switch unit, with three switches that are independent 
of Hydramotor controls, is available to interlock the shutoff vaive 
with other power pliant systems. Each switch is adjustable 

to trip at any position of vaive stroke. This explosion proof, 
weather proof unit can be mounted in the field. Six SPDT switches 
may be obtained by using two of the units with a Hydramotor 


Write today for specifications and complete information. 
Ask for Bulletin $D1-H2, 3KA, C-1 (Hydramotor Shutoff 
Vaives) and Bulletin 608.287 (Auxiliary Switch Unit). 





WHERE DO YOU STAND 
ON BOILER WATER 9 
LEVEL INDICATION © 


Yarway Remote Indicators have “wide angle” 
visibility from multiple vantage points 
Yarway Remote Liquid Level Indicators bring distant, often 
hard-to-see boiler level readings right down to eye level on 
the panel board or other convenient location 

No matter where you stand—at any point in a 180° arc 
and from a considerable distance—the brilliant new wide 
vision dial makes viewing iding easy 
Accurate readings because Indicator is operated 
by boiler water itself 
Remote readings of levels in boilers (also feed water heaters 
and other heat exchangers) are instant and accurate because 
indicator operating mechanism is actuated by the varying 
head of the liquid itself, yet the pointer mechanism is never 
under pressure 


Fully approved under Boiler Code Case +1155 


Under A.S.M.E. Boiler Code Committee ruling in Case 
#1155, tWo independent remote level indicators of com- 
pensated manometric type may be used as primary indicat- 
ing elements instead of one of the two gage glasses required 
for boiler pressures 900 psi and above. When both indicators 
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are in operation, one gage glass may be shut off but shall 
be maintained in serviceable condition 

Yarway Remote Liquid Level Indicators conform to this 
ruling and are used widely for primary boiler water level 
indication in plants operating at 900 psi and above 

All Yarway Indicators for service over 700 psi are temper- 
ature-compensated; pressure compensation available when 
desired. Use of controlled-temperature column on constant 
head chamber fully protects against system upsets 

If you would like a reprint of this Boiler Code ruling, 
ist ask for Case #1155 reprint 

Get the full story on Yarway Liquid Level Indication for 
your plant. Write for new 24-page Bulletin WG-1825 


YARNALL-WARING COMPANY 


100 Mermaid Avenue, Philadelphia 18, Pa 
BRANCH OFFICES IN PRINCIPAL CITIES 


YARWAY 








INDUSTRY 
NEEDS 


PURER THAN THE 
DRIVEN SNOW 


Yuba Evaporators 
hi > 
are achieving new record 
>. > > 
high purities 
In power, processing, marine or any industry that needs high purity 
water in volume, Yuba evaporators are recognized as the finest equip 
ment available today. There are good reasons why. Recent tests by 
Consolidated Edison Company of New York show that purities better 
than 0.004 PPM total solids are achieved — purities “heretofore un 
known.” Heart of the Yuba evaporator is the patented improved bubble 
tray design. Yuba evaporators have reached their present peak because 
; of continuous refinement of design, engineering and manufacturing 
Other y uba produc ts jor > ’ . “o 
And Yuba’s mechanical vapor purifier has also been found to be the 
steam power plants include 


Condensers, Feedwater Heaters most efficient of its type within the limits of mechanical purifier design 


Expansion Joints, Heaters Bubble tray or mechanical evaporators, Yuba designs are the most 
Tanks, Cranes, Structural Steel flexible in the industry. They can be installed vertically or horizontally 

and scores of other items in a wide capacity range — depending on the industry need or basic 

plant design. Whatever your high purity water need, remember Yuba 

for the finest in evaporators. Write today for the complete story of tests 


on Yuba equipment — Bulletin YHT 101 


specialists in power plant equipment 


VUBA HEAT TRANSFER DiVISIon 


YUBA CONSOLIDATED INDUSTRIES, INC. 


SALES OFFICES IN PRINCIPAL CITIES 
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WHERE “BUFFALO” TYPE “CR” FANS MEAN 


MAJOR DRAFT 
SAVINGS 


RIGHT FROM THE START 


*% 
The “Q” 
Factor—the built-in 
Quality which 
provides trouble-free 
—e * satisfaction and 
Utilizing a superior radial-tip blade wheel ee Mite 
in the same stream-lined housing as the 
high-efficiency Buffalo Airfoil series, the 
Type “CR” Fan provides highly satis- 


factory performance in many punishing 


applications . . . at lower first cost. For example, its rug- 
ged construction and abrasion-resistant qualities make it 
a popular choice for handling fly-ash in power plants. 
Further, Buffalo Radial Blade wheels are available in 
varying widths and depths to meet most pressure-volume 
requirements efficiently. Write for Bulletin FD 205 and 
check the “Q” Factor* Features that make Buffalo 


Mechanical Draft Fans the best buy for your service. 


BUFFALO 


Stable performance with or without fixed 
inlet vanes. 

Rising horsepower characteristic for efficiency 
at dampered ratings. 

Excellent for |.D. on stoker-fired or pulverized 
coal boilers. 


Use of smaller fan size possible on many 
direct-connected installations. 


FORGE COMPANY 


Buffalo, New York 


Canadian Blower & Forge Co., Ltd, Kitchener, Ont 


‘Buffalo’ Air Handling 


and cope for production 
or plant maintenance 


to move, heat, cool, dehumidify 
and clean a and other goses. 
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Buffalo’ Machine Tools to drill, 
Equipment punch, sheor, bend, slit, notch 


Buffalo’ Centritugo! Pumps Squier Machinery 

to handle most liquids ond fo process sugor cane, coflee 
slurries under o variety ond rice. Special processing 
of conditions. machinery for chemicals. 
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HOW C-E TILTING TANGENTIAL BURNERS CONTROL SUPERHEAT. 
rst diagram shows burners tilted downward to reduce 
furnace outlet temperature. Middle diagram shows nor 
na perating position. Third diagram shows upward 
tilt t end higher temperature gases to superheater 
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give more complete combustion... 
most sensitive steam temperature control 


C-E Tangential 


The tilting nozzles of 
or down as 


1927 today the most widely accepted Burners automatically tilt up 
* oil, steam temperature varies. If steam tempera- 
nozzles tilt downward 
becomes effec- 


Tangential firing—pioneered by Combustion 
in 
firing pulverized coal, gas o1 
together, in large utility boilers. ture goes too high, the 
are fed to the furnace in a ... more furnace wall surface 
ively small streams which are emperature to superheat surface 
directed from each of the four corners of the 
furnace. Or, if steam temperature drops, 
This assures intimate mixing and sets up a . hotter gases go to the super- 
ilent motion within the furnace 


method 
eparat 


tive... gast 
is lowered steam temperature goes down. 


the nozzles 


tilt upward 
heater steam temperature goes up. 

Catalog PC-8 gives full information on 
'-E boilers, including units 
steam 


the most complete combustion 
combustion tangentially fired ( 
with capacities as low as 70,000 Ib of 


per hour. Write for your copy today. 


im carbon loss. The 
irnace for more rapid heat 


waterwalls 


COMBUSTION ENGINEERING o 


New York Offices: 200 Madison Avenue, New York 16 


General Offices: Windsor, Conn. « 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT: NUCLEAR REACTORS, PAPER MILL EQUIPMENT, PULVERIZERS: FLASH DRYING SYSTEMS: PRESSURE VESSELS; SOM PIFE 
9 
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We have news for you, if you are concerned with critical piping. It’s 
the information about our shop and field facilities given in an illustrated 
“Brochure” which we'd like to send to you for your file. Write us now, 


and on your next high-temperature, high-pressure job ask us In. 


W. K. MITCHELL & CO., INC. 


WESTPORT JOINT Philadelphia 46, Pa. 


ATENTED 


MITCHELL PrING 


PIPING FABRICATORS AND CONTRACTORS 
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nm exchar 


AMBERLITE*’ resins 


Q 


anel at Mt. Tom Power f iH 


eionize organic-bearing water 


for high pressure boilers 


Here are the results AMBERLITE ion exchange resins 
are producing at the new Mt. Tom Power Plant of 
the Holyoke Water Power Company: Water source 
well water high in organic content, 107 ppm total ion 
concentration, 25 ppm silica. Water after ion ex- 
change treatment—conductivity less than 1 mi- 
cromho, silica 0.004 ppm Treated water is used in 
1950 psi boilers 


Water pretreatment consists of superchlorination, 
then filtration through activated carbon. Ion ex- 
change takes place in a 4-bed demineralizer system 
consisting of a primary unit and a polishing unit. 
AMBERLITE IR-120 is used in the cation units, 
AMBERLITE I RA-402 in the anion beds. 


Folder available free, shows how many 
different industries use AMBERLITE 
ion exchange resins for specific 
applications. Address your 

request to Dept. ié-1. 


ge 
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AMBERLITE IRA-402, a highly porous resin, has par- 
ticular value in the system because it provides ready 
absorption of large organic molecules and releases 
them more easily during regeneration than do resins 
of standard porosity. At Holyoke, removal of foulant 
accumulated on AMBERLITE IRA-402 after repeated 
regenerations is accomplished by treatment with 
brine and caustic. 


If you use water for chemical processing or power 
generation, Rohm & Haas’ wide selection of 
AMBERLITE ion exchange resins may offer you cost- 
saving advantages. Write today. We will be glad 
to send you more information. 


ROHM fF 
HAAS 


PHILADELPHIA SG. PA, 
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Except for the firing aisle and contro! room, Boiler Unit 7 is outdoors and 
subject to sub-zero temperatures. The unit delivers steam at 850 psig and 
, F to a l€ O-kw turbine generator installed in the tall building (left) some 


) feet away 
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Eleven miniature Copes-Vulcan stations on this operating panel provide re- 

te ntrol of all processes with automatic-to- manual, or manual-to-auto 

/ select 1, with “bumpless transfer. Automat and manual loadings 
an be matched perfectiy without going through a seai or reset position. 


12 





Copes-Vulcan 
boiler control 
automatically 
balances 
output with 
demand at 
Taunton Plant 


February 1961 _/ COMBUSTION 





The Municipal Lighting Plant in Taunton, 
Massachusetts, selected Copes- Vulcan to provide 
Unit 7 with precision boiler control. Featuring 
simplicity of circuits and dependable accurate 
components, the Copes- Vulcan system automat- 
ically maintains a constant main steam-header 
pressure under varying demands. Peak loads 
reach 170,000 pounds per hour. Operation re- 
mains under fully automatic control down to 
40,000 pounds per hour. 


Unique combustion control includes skillfully 
designed circuits for fuel-loading report-back 
and fuel cut-back. Other controls assure con- 
stant furnace pressure, the correct ratio between 
steam flow and air flow, and a practically con- 
stant drum water level. 
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Diaphragm-type contro! vaive (upper left) 
is used with Copes Type 3-L feedwater 
control. The vaive features positioner, air 
lock, and side-mounted handwheel for 
emergency operation 

Designed for superior accuracy and 
long range dependability, Copes-Vuican 
vaives establish new standards of effi 
ciency for pressure, temperature, flow, 
and level coritrol. 

Two versatile regulator valves are 
available for pressure standards from 
125 through 2500 pounds. Diaphragm 
type CV-D is designed for remote control 
service, can be direct or reverse acting, 
features excellent rangeability. Piston 
type CV-P is designed for high-duty serv 
ice, assures maximum power with pre 
cise positioning. Write for Bulletin 1027. 


The two field mounted Copes-Vuican in- 
dicating pressure transmitters (lower 
left) are used for feedwater (left) and 
fuel oil (right). Proportional action with 


pneumatic feedback is idea! for pressure 
regulating service 

Copes-Vuican transmitters feature 
good repeatability. Standard output pres 
sure is 3 to 15 psi for input bands of 1 
to 100%. Outputs of 6 to 30 psi and 12 
to 60 psi are also available. Write for 
Bulletin 1036. 


Drive unit (right) for the inlet damper of 
the induced-draft fan is installed at ground 
level outdoors. Insulation, used for pro 
tection against adverse weather is 
easily removed for inspection and main 
tenance of the unit 

Copes-Vuican Drive Units permit re 
mote positioning by automatic or manual 
signals. They may have linear, square 
or square-root characteristics, or may 
be field-characterized 

Five models are available, All have 90 
degree angular rotation and may be 
manually operated by a handwheel. Write 
for Bulletin 1033. 


Temperatures and pressures regulated, 
Air-heater temperature, mill pressure, and steam 
temperature at the superheater outlet are accu- 
rately managed. 


A complete line—a complete service. In 
addition to boiler control, the Copes-Vulcan line 
includes complete systems for fully automatic 
soot blowing, pressure reducing, and desuper- 
heating. All are custom engineered. All are backed 
by more than 50 years of design experience. 


Whether your boiler be large or small, power or 
process, Copes-Vulcan can provide a unit or a 
coordinated package to meet your requirements. 


For the complete story, write for Bulletin 1065, 
Copes-Vulcan Division, Erie 4, Pennsylvania. 


Copes-Vulcan Division 


BLAW-KNOX 








Rated at 53,500 kw, Hoot Lake is Otter Tail's newest station. The Otter Tail Power Company serves a 70,000 square mile area 


in Minnesota 


North and South Dakota 


Burns and Roe were consulting engineers 


MINNESOTA UNIT FIRES “WET” COAL 


... Hoot Lake Station burns 1,000 tons of N.D. lignite daily 


The Otter Tail Power Company’s 
Hoot Lake Station at Fergus Falls, 
Minnesota, is the largest generating 
plant in the country burning North 
Dakota pulverized lignite. The steam 
generator is the first reheat unit to 
use lignite as the primary fuel 
Although lignite has a lower in 
itial cost, its high moisture content 
(30-3573) and low heating value 
present unusual control problems 
After a year’s operation, manage 
ment is very satisfied with Hagan 
performance, particularly during 
several unscheduled outages, when 
the controls remained on automatic 
with excellent results. Hagan sys 
tems on the unit include combustion 


HAGAN DIVISIONS: CALGON CO. « HALI 


3-element drum-level, feed-pump, 
deaerating heater, forced, and in 
duced draft fan control systems. 

“Reasons for the selection of 
Hagan controls,” one company offi 
cial noted, “include satisfactory per 
formance at our other stations, plus 
the high level of service and instruc 
tion provided by Hagan’s Regional 
Service Engineer. We are pleased 
to have this same proficiency at our 
Hoot Lake Station.” 

Look to Hagan for sensible, work- 
manlike solutions to either special 
control problems or standard instal 
lations. A letter or phone call will 
put a Hagan engineer to work on 
your particular problem. 





Control Panel at Hoot Lake. Hagan Ring Bal 
ance meters and the compact operating con 
sole make it easy for a single operator to 
maintain close control of the operation 


HAGAN 


CHEMICALS & CONTROLS, INC. 
HAGAN CENTER, PITTSBURGH 30, PA 


LABORATORIES « BRUNER CORP. 
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POWELL = PERFORMANCE! 


115th year of manufacturing industrial valves for the free world 


POWELL VALVES 
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IN POWER PIPING ERECTION 


QUALITY 


COMES FIRST 
AT KELLOGG 


Field erection by Kellogg of power piping made by Kellogg at its new 
Williamsport plant assures the highest standards of engineering 
and workmanship. Quality and strict quality control are reflected in 
every phase of Kellogg field erection. 

Making Kellogg responsible for both manufacture and erection, 
as many electric utilities do, also can mean marked economies in 
the over-all power piping contract. 
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Kellogg’s Power Piping Division at Williamsport, Pa., welcomes the POWER PIPING 
opportunity to tell you more about its field erection service and how it 
can be combined with other Kellogg power piping services to the ad- 
vantage of the steam-electric and nuclear power generating industry. 


POWER PIPING DIVISION / THE M.W. KELLOGG COMPANY 


A Subsidiary of Pullman Incorporated 


Plant & Headquarters: Williamsport, Pa. Sales Offices: 711 Third Avenue, New York 17, N.Y HEADQUARTERS 
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S-E-Co. 
SPECIAL FEEDERS 


FOR 


PULVERIZERS 
and CYCLONES 














S-E-Co. QUALITY PRODUCTS 





GRAVIMETRIC FEEDERS VOLUMETRIC FEEDERS STOPPAGE ALARMS 
Weigh and Feed Feed Sticky Coals Two Types 





STOCK EQUIPMENT COMPANY 
builds special volumetric and gravi 
metric feeders for pulverizers and 
cyclones. The feeder shown in the illus 
tration is an L-shaped unit that carries 
coal approximately 65’ down the side 
of the boiler and then brings it in about 
20’ to a cyclone burner. Units of this 
type allow a furnace to be fired from 
both the front and the rear and at the 
same time have a coal bunker on the 
front side only 


Feeders can be made almost any length 
and they can be double-decked, oper 
ated under vacuum or under pressure, 
and otherwise designed to suit require- 


ments of purchaser’s plant. 


S-E-Co. Feeders are all equipped with 
endless rubber belts to assure maximum 
belt life and the best possible reliabil 
ity. The width of the coal on the belt 
is 24”, and the feeder inlets are stand 
ard 24” square or 24” in diameter. This 
means fine, wet, sticky coal will feed 
with maximum reliability. 


S-E-Co. Feeders are driven with a con 
stant speed motor through a magnetic 
slip clutch to give the variable coal feed 
rate desired. A tachometer on the out 
put shaft supplies a feedback signal into 
the motor control to balance the incom- 
ing signal and thus assure the feeder 
discharge rate corresponds exactly to 
the coal demand. There is nearly zero 
hysteresis in the system. 





Send your problem feeder jobs to 


STOCK 
EQUIPMENT 
COMPANY 


745 HANNA BLDG., CLEVELAND 15, OHIO 

















S-E-Co. QUALITY PRODUCTS 
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CONICAL NON-SEGREGATING COAL SCALES COAL VALVES 
COAL DISTRIBUTORS Two Basic Sizes 6” to 60” — Many Styles 
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Quick Opening 
Bayer Soot Blower 
Valves Assure 


* 100% cleaning efficiency 
° minimum steam consumption 


¢ superior high temperature 
resistance 


For severe high temperature locations, 
“super service’ elements of Bayer-devel- 
oped “Chronilloy” are available. Of su- 
perior strength, wrap-resistance, and sta- 


The Bayer Balanced Valved Soot Blower 
is a single-chain operated design that as- 
sures precise sequential operation of the 
valve and element. Only after the start 


of full steam flow does element rotation 
commence—a feature which provides posi- 
tive and efficient cleaning over the entire 
arc. . .without wasting steam. 

The Bayer Soot Blower is simply Op- 
erated by a pull on the chain which opens 
the cam-actuated valve. Continued pull- 
ing of the chain slowly rotates the element 


through its cleaning arc, at the end of 


bility, these elements resist the oxidation 
and chemical action caused by very high 
temperature gases. 

In over fifty years of continuous special- 
ized service, the Bayer company has 
equipped more than 35,000 boilers with 
dependable soot blowers. Engineered for 
long life and low maintenance, Bayer 
products assure economical and trouble- 


which the valve automatically closes. free operation. 





ADVANTAGES OF THE BAYER BALANCED VALVED SOOT BLOWER 


® minimum pressure drop through valve body 

@ machined air seal with spring loaded seat 

® complete vacuum breaker protection 

®@ precision swivel tube alignment lessens stuffing 
box packing needs 

® load carried on ring type thrust bearings 


single chain operation 


individual elements adjustable for high pressure 
service by orifice plate valve 
ver entire cleaning ar« 


of element 


full steam pressure o 
selected gear ratios for 
rotation 


optimum rate 











For further information contact the Bayer representative nearest you. 
He is an experienced engineer, qualified to service Bayer Soot Blowers. 


Agencies 
= Angeles 
Cincinnati 
Indianapolis 


Washington, D.C. 
Atlanta 
Tulsa 


Salt Lake City 
Houston 
Kansas City 


Boston la 
Seattle 


Paul 


Charlotte 
Richmond 


Denver 


( leveland 
Detroit 
Pittsburgh St 


New York 
Philadelphia 


Chicago 


4030 Chouteau Avenue, St. Louis 10, Missouri 
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1959'S MOST EFFICIENT PLANT 
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Worthington equipment 
plays major role 
in PEPCO achievement 


According to the recently issued Federal 
Power Commission report, Potomac Elec 
tric Power Company's Dickerson Sta 
tion was the most efficient power plant 
in the U.S. in 1959. PEPCO Engineering 
Departments worked with Stone & Web- 
ster Engineering Corporation to achieve 
a new low heat rate. Worthington helped 
by supplying major components in the 
Fluid Handling Group. 
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Major fluid handling equipment (shown 
in red) includes the condensers, circulating 
water pumps, condensate pumps, rotative 
dry vacuum pumps, boiler feed and booster 
pumps and main deaerator to supplement 
condenser deaeration in protecting the 
boiler and feed cycle. 

The fluid handling equipment incorpor- 
ates a number of special features. Included 
is the power-saving technique of a single 
full capacity boiler feed pump driven from 
the main turbine generator shaft through 
a variable speed coupling. There is a spare 
turbine driven feed pump 

Two duplicate 175 mw units are now in 
commercial operation. Similar equipment 
will be furnished for Unit No. 3 scheduled 
for 1962 operation 

Worthington’s successful role at PEPCO 
Dickerson is the result of “‘system-wise 
experience” that Worthington offers as an 
aid in planning any power project. For in- 
formation, call your nearest Worthington 
District Office. Or write to Worthington 
Corporation, Section 45-19, Harrison, N. J. 


WORTHINGTON 


PRODUCTS THAT WORK FOR YOUR PROFIT 





SOME PLAIN FACTS 


ABOUT SUPERIOR PRECI 


Buell Precipitators are designed and constructed for 
internal frim-fram of a doubtful value are eliminated 


PITATOR PERFORMANCE 
rugged service and superior performance. Frills and 
in favor of strength and simplicity. The casing, out- 


side supports, and internal parts are of rugged construction; and the four-point suspension of emitting elec- 
trodes ensures the greatest stability. Here are just a few of the outstanding features of Buell Precipitators. 


RAPPING MECHANISM _ || 


1° 


COLLECTING 
a ELECTROOE 


GAS FLOW 


LECTING El 


OUST POCKETS 
Gas FLOW 


DUST FaLLsS T DUST POCKETS 


Effective Continuous Cycle Rapping —Yes, it's mechanical. A 
simple, rugged system free of complicated gadgets; assures 
positive dust shearing action. Each row of electrodes is rapped 
separately—in the direction of the gas flow—on a continuous 
cycle. Dust is sheared off, drops in an agglomerated mass and 
pockets on electrodes minimize reentrainment. 
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Uniform Distribution of Gas Flow—field adjustment capability 
is vital. Buell’s adjustable baffle permits final positioning after 
field measurement of actual flow distribut because gas flow 
patterns are not entirely predictable. The Buell distribution system 
assures equal gas loading through the precipitator; eliminates in- 
effective “dead’’ areas around passages and prevents “sneak-by.” 


yn 


Buell precipitators are simple and effective. They're 
designed for continuous service. You'll be glad 


you turned to Buell when you experience superior 
performance and low maintenance. Detailed 
literature describing all features is available. 
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SEALED INSULATOR COMPARTMENT 
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SEALED } 

INSULATOR ——+-}-——> 
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Sealed Insulators Improves Operation—High voltage quartz 
support insulators are completely sealed; prevents gas and dust 
leaking into insulator compartment and outside air leaking into 
precipitator. There is no need for costly ventilating systems 
Thermostatically controlled electric heaters insure start-up with- 
out danger of moisture condensation and insulator breakdown 


e 


L 


SS 


Buell Spiralectrodes cut maintenance to a minimum. Bue!!’s 
record stands at less than 1% replacement in this key area. Self 
tensioned spiralectrodes eliminate vibration and 
swaying, often prevalent with weight-tensioned wires. They're 
structurally fixed and once installed stay in alignment. The 
spiralectrode provides greater emission than straight wires 


“off-center” 


| The Buell Engineering Co., Inc., Dept. 70-B, 123 


William Street, New York 38, N. Y. Northern Blower 
Division, 6413 Barberton Avenue., Cleveland, Ohio. 
wElectric Precipitators # Cyclones @ Bag Collectors 
@Combination Systems @Fans @Classifiers. 
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EDITORIAL 


Green Light Ahead? 


this issue one of the contributors comments, “It is 
< to operate a power plant Chis certainly is the philos 
which most of the present operating and management 
# today’s industrial and central station power plants grew 
controls and the safeguards, now part of every day opera 
forced to run the gauntlet of why, how effective, what ad 
what limitation, what guarantee 

idvent of the unit boiler-unit turbine and the subse 

ise 1n unit sizes as equipment reliability proved out 
int man has found himself with more and more of his eggs 
He wants to protect himself better than he feels he 
very instinct calls for any proffered protective 
questioning ol yesteryear In this issue, pages 

publishes the first of a three-part verbatim dis 

Safeguards Throughout this discussion we were 

1e somewhat contrasting views of the operating man 

turer and the consultant. Yet it is only from such public 

free ‘ ind take, that mutual understanding de 

een light for progress can be seen ahead 

ne with this recognized and helpful give and take within 
wer industry we were delighted and disturbed at the same mo 
have our attention called by several that our January Ed 
\utomation omitted the projects of existing plants such as 

e Electric and Gas Company of New Jersey's at Sewaren 
much a part of the industry 's willingness to make the down 


xr knowledge and advancement 
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Alternate power sources for flame safeguard systems 


and the difficulty in switching from one source to an- By A. W. HINDENLANG 


other is a long standing operating problem. American Associate Editor 


Optical’s Bernard Devine offers this solution. 


UR HAT is off to Mr. B. W. Devine, Chief Che newest seems to us to be the most attractive. Our 
Engineer of American Optical Co.’s Power first static converter (a-c to 26 v d-c) goes on a unit soon 

Plant at Southbridg: Mass Reading in We float a battery on the 26 v system connected to an 
CoMBUSTION of the difficulties experienced with boiler inverter. We've tested its reactions to overloads, high 
flame safeguard systems in areas where power failures voltage, other anticipated trouble points in the manu- 
ire frequent, he did some original and constructive’ facturer’s plant. It has a cut-off characteristic that lops 
thinking. The results looked excellent to us off the tops of the sine wave Yet we don’t think it will 
trouble our instrumentation. We would like an elec 

The Problem trical bypass so that we could pull out the inverter if it 

Most approved flame safeguard devices are by naturt needs servicing We're working on that aid nght now 
ind by specification built to fail safe Thus a holding To use the battery is the most reliable system of power.” 
circuit opened by a broken wire causes a safety shut lo ComBusTION the simplest and least expensive 
ff valve to close stop solution seemed to be a 


ping the fuel supply to small generator driven 


the burner sut when a Wh T M $ f d f by the fan or boiler feed 
system is designed to fail y rip a eguar S$ 0 pump turbine rhe 
Sale even a momentary flame safeguaid system 
power failure causes a ® 9 could be powered from 
complete shutdown of Switc Power Sources: this generator or could 
the boiler True, a unit operate on plant power 
can be restarted immedi and be switched to the 
itely but explosion records prove overwhelmingly that generator when the first storm or trouble signals cam 
starting-up accounts for 50 per cent of all furnace in But in switching from one power source to the 
explosions. And when you start up on a crash basis to other a shutdown would be necessary since it is impossibl 
save a process or the plant load the probability of ex to switch fast enough to prevent tripping the system 
plosion skyrockets Ihe two power sources could not be paralleled without 


; the expense and complication of phasing equipment 
Some Previous Answers 


i h 
Du Pont’s Principal Power Engineer, M. L. Jones, Devine Cracks a Tough Nut 


summed up the situation in our Forum Report* Reader Devine remembered that most a-c coils will 
We've tried four auxiliary systems over a period of tolerate direct current for a time He wired up his 
time These are steam-driven auxiliary generator flame safeguard control panel as shown in Fig. | to take 
auxihary generator connected to forced-draft fan with advantage of this tolerance for d-« All that is required 
throw-over switching, inverter to convert d-c electricity 
from batteries to a-c for operation of safety equipment 
convert all controls and valves from a-c to d-c 
In the case of the auxiliary-driven generator, two 10-25V D.C 
units would be required, and if they are not properly 
maintained, reliability can be considerably less than 
public utility power 
With fan driven generators the problem of main 
tenance is major in that the , ut equires a shutdown 


In addition, the problem . 


oO gene ratlor u 
uralieling 4V) 
f— OPOT TRANSFER 
SwiTCcH 


Che inverter appears to be highly desirable in that AUX 


- , PLANT 
relays POWER _ ts +— ipower 


SOURCE } .) SOURCE 
and the like can be used lhe problem is the procure HOV,1PH | —<— HOV, 1H, 
60 CYC 60 CYC 


existing standard units such as solenoid valves 





ment of a reasonably priced a-c to d-c to a-c power unit 
Rotating equipment of this type is relatively expensive 
and requires a spare unit for reliability The use of 
static converters and inverters with an auxiliary battery 


system for standby service appears to be a possibility 





1960. , ; ait Fig. 1—Simple a-c—d-c circuit diagram 
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Fig. 2—Simple circuit modified by adding isolating transformers, diodes 
and sequencing switches 


switch power source depress the pushbutton 


ipplying 10-12 v d-c to the load) and throw the 


itself 


main 


switch The idea 1s simplicity It works 1n theory 


ind could be ipplied to almost any svstem 


the syste1 he first time, 
voltage 
stem it was found that 

voltage 


o high 


Setting up American Optical 


used a rheostat to vary the d seeking the oy 


tunum On their 


was the mu and 29 v. wa 


Sv d-« 


the maximun i d-c voltage can 


celled out the a-« 
Furthermore it w found by 


opped out immediately 
that the 


d- tended 


experiment 


1 h bec the 


direct current flow wa ery hig Luse 


to pick up as much of the available load as possible. On 
other difficulty 


found that every 


was encountered during tests. It was 
so often the system would fail and all 
relays drop out when the transfer attempt was mac 
It became apparent that the switch was being made at 
the precise point in the a-c cycle where the d-c voltage 
cancelled out the a-« 
the 


two bugs 


Fig. 2 shows cycle modification worked out to 


eliminate these 
v 110 Vv 


cess d-« 


Isolating transformers (110 
shown at power sources A and B prevented ex 
current draw. Diodes installed above switches 
B and D furnished half wave a-c from the power source 
before d-c was impressed and prevented the troublesom« 

bucking” phenomenon 
lo illustrate the 
source B to source A we start with switch E closed and F 


Then the 


sequence for switching from power 


closed to power source B-—open to source A 
sequence 18 
load connected to full wave 


Switch D is closed 


i-c from source B and half-wave a-c from 
B through the diode 

Switch E 
from source B through diode 
Switch C load 


from battery 


source 


opens—load connected to half-wave a- 


closes on half-wave a-c and d-~« 


load on d-c from battery only 
transtiers 


Switch D opens 
Switch F 


open to source B 


closed to power source A 
load still connected only to d- 
from battery 

Switch B 
half-wave a-~« 


Switch ¢ 


load 


from source A 


closes on d-c from battery and 


opens — load on half-wave a-c only 
\ closes —load 
from source A 
Switch B 


Switch on half-wave a-c and full 


wave a-( 
load ts connected to full 


opens now 


wave a-c from power source A 


M POWER SOURCE 8B' 


FROM POWER SOURCE A! 


<CAM DRIVE MOTOR 


7 


CLLLLLELGS 





TO LOAD 





oe 


Fig. 3—Physical circuit arrangement showing sequencing cam and switches 
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rhis taken 


application drawings, is shown in more physical form in 


circuit, from American Optical’s patent 
Fig. 3. Notice that the sequencing cam traveling on its 
threaded shaft completes the transfer from source B to A 
from right to left 


its travel 


traverse Limit switch stops 
the 
to B is made in one traverse from left to right 

The 
plunger or stepping switch if instant action were required 
too, the 


iutomatically by 


in one 


cam at end of lransfer from source A 


transfer could, of course, be carried out by a 


Obviously device can be triggered manually or 


any of a number of signals such as 


drooping or increasing voltage 
manufacturers of 
the d- 


It would seem a simple matter 


flame safeguard systems to indicate requirements 
volt 
1e switching arrange 


ment integrated with the system from the |! 


for safe switching of a given system so that battery 


age could be properly specified 1 tl 
eginning 
comments from some component 
that 
troversy arising from this solutior 
We will 


nts on this or other 


Preliminary 


facturers indicate there m nsiderable 


irticularly vex 


ing problem naturally welcome our readers 


comme problem 


ippro 


Sporn Station Goes into Service With Duplicate Breed Unit 


Che second of the world’s largest steam-electri 
erating umts went 
s1, 1960, at the Philip Sporn plant of the 


gen 


into commercial operation December 
American Ele« 
tric Power System 500,000-kw, $65-million unit 
of the Ohio Power Co. is the twin brother of the Michigan 
Electric Co.'s Breed Plant 
July 31 on the Wabash River in Indiana 
rhe Breed Plant unit is reported on 

} World of 


it will be the 


unit which went into service 


in some detail in 
and note 


the forth 


ectrica January 16, 1961 we 


the 
that 


coming 


subject of a full session at 


Power Conference see this issuc 


\merican 
‘ 


COMBUSTION, p. 5 
The } ectrica Wor a 
l the 


ind which apparently holds for 

is that the boiler will operate at 3500 psi and 1050 F 
both to 1050 F 
will go to a cross-compound turbine-generator consisting 


Breed 
Philip Sporn unit 


information carned on 


with two stages of reheat rhis steam 
ot two 5600 rpm cylinders exhausting into its own con 
a heat rate 
the 


basis 


denser rhe Sporn unit is expected to have 
Btu kwhr 
lor a operating on a 
the 


whereas 


close to S500 per which would make it 


unit 

Sporn 
the 
ventional hydrogen cooling is employed for the rotor 


best ever commercial 
water 


Lon 


Incidentally generator stators are 


cooled Breed design is oil-cooled 

rhe boiler design at Sporn undoubtedly has profited 
from the earlier experiences at Breed where it has been 
that major 
These difficulties, it 


satisfactorily corrected at Breed 


admitted dithculties were encountered at 


Start-up 1S reported have been 


ind the unit has met or 
exceeded expectations 

Che 
reheat drum type design of the manufacturer furnishing 


transition from the conventional 2400 psi single 
the unit 


made 


to the 3500 psi double reheat selection Breed 


revealed the necessity for ] i forced circulation 


as (2) a 


flow as welli 
heat 
he designers further found that the furnace 


had i 


heat absorption at both the furnace level 


as agaist a natural circulation 


redistribution in the apportioning of distribution 


surtaces 


and burner geometry pronounced effect on the 


ind the con 


vection section of the steam generator Recirculating 


gas they found was an excellent assist in correcting for 
imbalances 
Breed 


\ reported important feature of the furnace 


wall 
walls are constructed of shop welded pa 
O.pD 


nstructior 
| 


els 


design is membrane type of 
made 
tubes Space | 
the 


welded to both 


l-in. to g-1n 


between 


with the space tubes 
thick bar 


tubes 


machine 
This n 
1dvantages 
l Part of 
to the rear of the 


embrane constructio these declared 


conducted 


of the 


heat absorbed in th 


tubes 


the 
permitting the back tubes 
to become heat transfer surfaces 

, backs 


the tem 


Raising metal temperature 


tubes reduces thermal stresses by re 


ture differentials through the wall 


3-—Fluid mass-flow through the 
tained at desired levels without using a larg 
fluid passes 

+—Pressure-drop through the 


furnace circuits 


than it would be with tangent-tube constructio1 
cause the fluid contacts less internal tube surface 

5—Weight of steel per sq ft of wall area is son 
per cent less than for tangent tube walls 

(—Rigidity 1s greater than for a 
using the same diameter 

7— Erection time ts reduced 

The heat absorption 
three parallel gas passes The se 
and the economizer extend across the entire depth of the 
rhe first 


in separate ga 


convection section consists of 


superheater 


ondary 


' cond stace 
ind sé lage 


iters 
small 


third 


convection section reli 


passes and ill but i 
d in the 


temperature 


ire located 
part of the primary superheater 1s locat 
full load 


section of secondary 


ras pass At the gas entering 


g 
the 
1S-in. side spacing, is approximately 2200 I 


which is on 
\ by 


system has been designed for the boiler flow at start-uy 


first superheater 


While circulating the start-up flow, the by-pass sys 


has the following functions 
} 


DOVE 


1—Reduces pressure from a 
generator to below-critical in the flash tank 

2—-Provides a source of steam for the turbine seals 
3 Provides a source of steam for the generator 

+-—Uses a large portion of the heat in the fluid entering 
the by system to heat the feedwater in the high 


pass 


pressure heaters 
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The need for free and open discussion of the 
problems the steom-raising industry faces in con- 
trolling boiler furnace explosions prompted 
COMBUSTION to stage a forum on this subject a 
year ago (March, April 1960). This year this some 
forum treatment was staged under the auspices of 


the Fuels Div. of the ASME. First part of three 


Furnace Safeguards Panel —I 


In advance of t panel members were advised that the objectives were new ideas, untrammeled personal opin- 
ion with the clear understanding that no comment by any individual would be construed as representing his company's 


bolicy and tha » comment would be associated with an individual's name tf he had any objection 


Purging 


Chairman Summers One of the best ways that I know of to start an argument on furnace 
safeguards is to consider, first of all, the subject of getting started. That 
brings to mind immediately the subject of purging. One of the panelists 
questions was whether or not it was intelligent to use the time of this 
panel to discuss the question of purging since he said that anyone who has 
ever operated a unit must have solved that problem thirty-five years ago 

I know many of our clients have operated units for more than that 
length of time and in foto I don't believe we have all solved that problem 
I would like to start off with the question that probably is the basis of safe 
light-off, and that is the question of purging: When, how, and how do you 
know you have done it properly ? 

I think one of the people that should be put on the spot first with this 


is Brother Livingston 


W. L. Livingston rhe questions are how, when, and I would like to start off with answer 
ing why We feel that the right thing to do is to differentiate between a 
regular start-up purge and a purge that is required after a safety shutdown 
when something has gone wrong 

We feel that in the present state of the art, it is pretty tough to deter 
mine just why you have lost the fire on a safety shutdown. We feel that 
since we don't know why in most cases we have lost the fire, we should 
have additional purges for a safety shutdown as opposed to a normal shut 


down purge 


» . 


* Presented befor Ant [eet the jew York No formal! paper number assigned 
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THE SCHEDULED PANEL R. M. Lundberg, Efficiency Engr 


wealth Edison Co 
Chairman: W. A. Summers, Mech. Engr., Ebasco E. R. Mitchell, Head, Combustion Research Se 
Services, In tion, Fuels & Mining Practice Div Mine 
Vice-Chairman: A. W. Hindenalang, Technical Branch, Dept. of Mines & Technical Survey 
Editor, Combustion Engineering, I Ottawa. Ontario, Canada 
C. E. Parker, Asst. Genl. Supt 
J. U. Baley, Asst. Gen. Supt., Electric Operations Public Service Electric & Gas Co 
Baltimore Gas & Electric Co R. I. Wheater, Chief Proposal Engr 
William C. Beattie, Asst. Vice-Pres. of Electric & Foster Wheeler Corp 
Gas Production, Consolidated Edison Co. of New 
a Se , UNSCHEDULED PARTICIPANTS 
L. H. Coykendall, Field Engrg. Coordinator, The 
Babcock & Wilcox Co., Boiler Div Russel R. Beal, Bailey Meter Co 
V. F. Estcourt, Mgr., Steam Generation Dept Charles D. Birget, Commonwealth Associates 
Pacific Gas & Electric Co L. F. Deming, U. S. Bureau of Yards and Docks 
C. W. Kellstedt, Production Supt., Production M. D. Engle, Pennsylvania Power & Light Co 
Dept., Consolidated Edison Co. of New York J. C. Falkner, Copes Vulcan Div. of Blaw-Knox 
Paul Grossman, Combustion Power & Equip 
Livingston, Burner Group Leader, Krei ment Ltd.. Montreal 
Development Lab., Combustion Engineet W. T. Reid, Battelle Institut 
Temple Voorheis, Coen Burner Co 











1 


Chairman Summers What kind? In other words, u proposing higher air flows, lower 
ur flows? 


W. L. Livingston Chat is right. We are definitely advocating a higher length and « 


tity of purge for safety shutdown than for a normal shutdown After all, 


juan 


if you have a normal shutdown, you shouldn't theoretically have to purg« 


it all 


1 


Chairman Summers What about the old worry that an excessively hich rate 
tually break loose pockets of unburned combustibles 


explosion 


W. L. Livingston Chis, of course, is true However, you have to balan the 
thing out You have to take the risk of whether you ar 


ut these poe kets to begin with or leave the por kets there and perhaps 


ubsequently ignite them after you have put the fire out in rnact 


Chairman Summers Don't you feel that you can ease them out by a 
increase in air flow, chewing away at them little by litth 


W. L. Livingston If you have eased them out, then you have in effe 
trying to differentiate between an easy purge 


Chairman Summers , very definitely 


W. L. Livingston rhis is pretty tough to do on a scientific basis 


W. T. Reid Mr. Chairman, how about definitions I would like to know about 
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L. H. Coykendall 


Chairman Summers 


R. I. Wheater 


William C. Beattie 


C. W. Kellistedt 


Chairman Summers 


W. L. Livingston 
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definitions. When we are talking about purges, it means one thing in 
one person's mind and another thing in another's. To a physician this is 
something different Laughter How about a definition so we know 
what we are talking about?’ 


I might say that we have advocated for many years 25 per cent of 
full-load air flow as measured by the air flow meter at room temperature, 
for five minutes. We have no instance where this has caused an explosion 

You have to be careful of this rhis is for a start up purge before you 
do anything on starting up a cold boiler 

I disagree somewhat with Mr. Livingston's idea that you should in 
crease the purge after a flameout. 

Our instructions, which to our knowledge have been satisfactory, say 
that you should not change the air flow on the flameout; trip the fuel 
leave the air flow alone, and after things have steadied out somewhat, 
slowly reduce the air flow. This is sort of a definition of what we call a 
lurnace purge 

Twenty-five per cent of the full-load air flow for five minutes corr 
sponds very closely to what the insurance people have been advocating for 
many years of four volume changes. If you calculate the retention time 
throughout the unit, it will vary on Babcock & Wilcox boilers—at least I 
have checked this—from four volume changes to as high as six or seven 


volume changes in the boiler 


Mr. Wheater, would you care to comment on this? 


We are generally in agreement with the last statement We normally 
udvocate a 50 per cent purge for about five minutes for a purge prior to 
lighting-off. In so far as purge after a safety shutdown, we would consider 


the same 


I would like to state this. We are using the word ‘purge,’ and I would 
like to agree with Mr. Reid. Whatisa purge? When do you accomplish 
the purge? What is the end point that says you now have a purge? 

We are told by Mr. Coykendall about four times the volume. That 
seems to me to be a rule of thumb which custom and practice has dictated, 
that over the years you can get by with it You can go to five times the 


purge, but, as we now sit in the power plant, the operator doesn’t know 
when he has hit the end point of the flow going through the passes and 
the boiler, so that he now has accomplished this so-called term ‘purge 

It seems to me that we ought to face those facts. You can use the 
word ‘purge.’ You can use the quantities of gases, and you can use any 
method you wish, but when do you get to the end point so that you can 
tell the operator in this particular furnace volume he has accomplished 


this purge? 


Mr. Chairman, wouldn't this be a good place to have a discussion on 
the combustibles meter and its function in this respect ? 


Let us hold that off. I think Mr. Livingston has a comment, and | 
am pretty sure Mr. Parker has a comment on the matter of purging 


I would like to recall back to the previous session held in Atlantic City 
where the question of purge was brought up then. (Editor's Note 
March, April, 1960 Compustion) Mr. J. B. Smith said, “With four su 
cessive air changes you would have diluted the original volume of air and 
gas down to 6 per cent of whatever the original saturation may have 
been. 

Six-and-a-half per cent of fuel in air is for most gases, especially natural 
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W. C. Beattie 


Chairman Summers 


C. E. Parker 


Chairman Summers 


C. E. Parker 


Chairman Summers 


R. I. Wheater 


W. L. Livingston 


Chairman Summers 


W. L. Livingston 


L. H. Coykendall 


gas and air, right within the flammable mixture 
When you say that your system of purging a furnac: 
effect that if your original furnace 


will be equivalent 


to four air changes, vou are saving it 
volume was filled with fuel, you have created an explosive charge 


charge that was to begin with not explosive 


out of 


That 1s provided there is no hideout, the velocities of the scav 


air flow, if you want to term it that, or the gas flow through the boi 
ictually scavenged all the caverns, the corners of the furnace that vou 


dealing with or the boiler box itself 


Mr. Parker, would vou care to com nt on that from the operating 


end ? 


We do it from a very scientific standpoint B&W recommends five 


minutes. We figure it wouldn't do any harm to purge for ten minutes and 
therefore, we recommend fifteen In addition to that, we have recently 
installed combustible meters, and we believe them to be accurate 

“We would not start the fire, even after fifteen minutes if anv combustible 


is left on the meter 


his, of course, presumes that the sample going to the combustiblk 


meter represents the worst pocket in the boiler 


In any case, we have gotten three times the recommended amount of 


purging 


Are there any other panel members that would like to comment on 


this before we move into some discussions on the combustible meter? 


I would like to ask Mr. Livingston a question. In his comment about 
i rich furnace, if vou don't purge, how do you eliminate the gas from the 


furnace ? 


Of course, with the present hardware we have today—and we hope 
vou have to acknowledge 


we have the answer in this inner purging system 


that you cant avoid the limits of inflammability It is something like 


You have this moment of truth where you are adding air 


fighting bulls 
ind this fuel-air ratio is going down, and it goes through all the limits of 


inflammability 
We suggest that you trv to go through these li 
umount of flow to the furnace possible Either wav 


mits with the lowest 


we wish vou the best 


f luck Laughter 


I presume you also meat 


‘Ir. Livingston is doing ex 


Howe ver, 


5 


Mr. Chairman, I think that 
developing the basic theory on how explosions occur 
i closed vessel without a 


1 the boiler 


this so far is based on his thinking of 
flow-through, which you very seldom have i 

his means that in a large volume of combustible gas, vou must n t 
ull through that volume in order to get an explosive mixture If this vol 
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ume of gas is flowing, a good part of the gas is flowing out of the boiler 
Phat is, when you begin introducing air at a low rate and bring it up to 25 
per cent, if there was a 100 per cent combustible gas atmosphere, natural 
gas for instance, this gas would be gradually flowing on out of the stack and 
vou would mix air with only a small volume of the gas I believe that in 
the development of this theory, the thinking is necessarily based on a 
closed vessel, without flow, where you mix everything all at once With a 
flowing system, it is impossible to mix throughout and this is the difficulty 
with introduction of an inert gas 

If you are in a rich atmosphere, and flameout, and do not shut off your 
fuel but try to introduce an inert gas, this inert gas 1s not going to mix with 
all of the fuel that you have put in before you started to introduce it o1 
until you have built up the volume of the inert gas that will prevent a1 
explosion 

Therefore, my way of thinking is that the minute you lose ignition at a 
burner, you should cut off the fuel, regardless of whether it is a fuel-rich 
or an air-rich mixture in the furnace 


That is at a single burner? 


is is a single burner or complete flameout of all the burners on the 
be at one time, which very seldom happens at high load, but very often 
happens at start-up load 


I would like to pose a question to the panel and just ask them to 
inswer by raising their hands. Is there general agreement that a boiler, 
which is permitted to get in a condition of heavy excess of fuel, let us say, 
one that is at the point where it is non-explosible because it just got too much 
fuel, or one that 1s in the explosible range because it has too much fuel, 
that there is today no practical way to shut that boiler down safely? Do 
you agree or do vou disagree? Raise your hands if you agree. We have 


eight versus three 


I disagree with that 


We haven't heard from Mr. Estcourt You didn't raise your hand 
Could you advise us what vou think is the safe way to shut down a boiler 


under those circumstances? 


I had the pleasure of doing it about twenty-eight years ago. I think 
it can be done, not by tripping off the burners, however 

The only way you can do it with minimum risk is to gradually reduce 
the fuel until you finally re-establish a safe condition 


Leavil y the air as it was? 


Leaving the air as it was, yes. I knw this can be done, because when 
I was a small boy, more or less, when we got into our first high pressure 
reheat unit, which was one of the earliest ones in the United States, we 
had a fireman who, although one of the best-educated men on the job, 
didn‘t think very fast on his feet. I had to go down and get the boiler 
out of this mess 

As testimony that it is a ticklish job, there was evidence of secondary 
combustion going on during the process of reducing the fuel, but it never 
got to a point where it reached explosive proportions, but where rumblings 
did become audible in the reheater section of the job. It was a case of 
feeling one’s way down at a slow enough rate 
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Couldn t you attribute that also to just good luck with you that day? 


No, I don't think so at all I don't think there is any luck about it. 
If you don't believe it, I suggest some of you try tripping the fuel off and sec 


what happens 


That makes Mr. Estcourt in agreement with the rest of us That is 
not shutting the boiler down. He is correcting the boiler 


I still am in disagreement somewhat. I agree with Mr. Estcourt’s way of 


taking this out while you still have a fire in the unit Chis is what a good 


operator should do, and it is a very good way of bringing the unit out of 


this fuel-rich mixture 

You must remember, so long as you are in that fuel-rich mixture, and 
vou have a fire, it cannot explode 

As Mr. Livingston has shown in his several papers, you cannot get an 


explosive mixture 


We will have to cut this off. We have already devoted four minutes 


bevond our limit 


tefore we leave the subject of purging, number one, we have a pretty 
general disagreement on what boiler catharsis consists of There is no 
definition I wonder, first, if anvone on the panel could volunteer where 
we are going to get a definition of what constitutes a positive purge and 
when we should do it 

Some of the gentlemen feel in some cases the purge is the worst thing we 
can apply As we leave the subject gracefully, it seems like the next 


logical point might be when do we trip? 


I think that is a good point I would like to try and summarize this 
right now I feel there is a definition of a purge, and I think it is a simp 
on It is obviously when you have changed the boiler chemical constit 
uents to a point when you can safely light a fire 

Che next one is not quite so easy, and that is defining this in terms of 
measurement hardware 

We are going to come to some discussion in a few moments on com 
bustible meters, which is certainly a mechanism—if the sampling systems 
can be designed—that could tell you when it was safe to light a fire 

I think if we can leave this subject on that point, we do not have 
iwreement, and we have roughly an eight-to-three split on the one subject 
I think we can get a unanimity on the fact that if you lose your fires in an 
uir-rich or on a lean mixture, is there a safe operating action such as tripping 
the fuel? Will evervone raise their hands if they agree that is a safe thing 
to do? Look well! You will probably not see the rest of the afternoon 


evervone raising their hands 


; 


I would like to ask in relation to your question what is it you are 


tripping for under the circumstances that you described 


I think I said flameout: so, therefore, vou want to stop the introduction 
f further fuel to prevent yourself from getting rich 


I assume that vou are thinking rather of just a few burners in the 


boiler 
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Chairman Summers.... Let us say so.’ 


V. F. Estcourt.... During the initial start 


L. H. Coykendall.... Or perhaps all of them 


Combustible Meter Detectors 


Chairman Summers.... Phe next point I think that we should spend a few minutes on—and I 
will hold this to about five or seven—is thoughts on the use of combustible 
meter detectors. I think we will go to Mr. Covkendall for the first com 
ment on this subject 


L. H. Coykendall.... We are slipping way over. I think Charlie Parker has the right slant 
on this. I believe we should make more use of oxygen analyzers and 
combustible recorders, even to go so far as to trip under load conditions 
with the combustible recorder, so you do not get into this overrich mixture 
Mr. Livingston, I believe, has shown that you must burn less than 36 per 
cent of the fuel that you are introducing into the furnace in order to have an 
explosive mixture if you trip. If you use your combustible analyzer to 
trip the unit before the deficiency of air has reached this level, you are 
safe, and you can trip the fuel, and you can add all the air you want, and it 
won't explode 


Chairman Summers.... In other words, you are advocating protective tripping prior to the 
rich mixture ? 


L. H. Coykendall.... “That is right. I think we need more of this 

‘There is another way it might be done, and that is to use some of the 
better combustion controls which have a fuel-air ratio control and auto 
matic fuel cut-back. This control system could be adapted to sound an 
alarm if the fuel-air ratio deviates from a specified band, and to trip the 
unit if an unsafe ratio is approached. I think that if we set up the com 
bustible recorder to alarm at | per cent combustibles, which is still a safe 
condition, and then if that condition were maintained for five minutes, the 
unit would trip, this should give the operator at the controls time to recover 
and bring it back gradually, as Mr. Estcourt did with his, by hand. But 
then if it reached 2 per cent combustibles, I think we should have it set to 
trip in 30 seconds; or if we reached a total of 4 per cent combustibles, it 
should trip right now. You still are in a non-explosive range, according to 
all the theory. I believe that agrees with you, Mr. Livingston 


W. L. Livingston... . “IT would advocate developing the combustibles recorder and using it 
as a method of preventing you from getting the fuel-rich mixtures in the 
furnace that can be explosive later on, if there is a flameout, or if you trip 


at a later time 


Chairman Summers.... ‘Mr. Baley, your people have been doing some thinking on this subject. 
Do you have any comments? 


I would like to ask Coy what he does about time lag on the combustible 
meters. I think by the time the combustible meter will trip the boiler, he 
might not have a boiler 


L. H. Coykendall.... 1 have looked into that a little bit. The combustibles recorder can be 


COMBUSTION / February 196! 33 





Chairman Summers.... 


V. F. Estcourt.... 


Chairman Summers.... 


V. F. Estcourt.... 


W. L. Livingston. ... 


V. F. Estcourt.... 


W. C. Beattie.... 


V. F. Estcourt.... 


W. C. Beattie.... 


V. F. Estcourt.... 


W. C. Beattie.... 


V. F. Estcourt.... 


34 


set up, close-coupled to the boiler, and with solid-state amplification, so 
that with a 12-foot probe and 25-foot sample line to the recorder, you will 
get an indication of the combustibles in the unit at the point you are 
measuring in 15 seconds. If you reach | per cent in 15 seconds, ind you 
keep it for three minutes at that level, you are still okay If it increased t 
> per cent, and you went for 30 seconds, that would mean a total of 45 


seconds from when the condition started, and you would still be safe 


Actually, faced with practical problen:s of sampling systems, that 
would mean maybe a dozen combustible recorders on individual points 
because it means you average these things. You may have combustibles in 
one section and not in the other, and you could dilute considerably the 


very thing you are trying to find 


I am sure the combustible meter may give more information to the 
operator along with indications of individual fires by flame detectors—and 
steam flow-air flow indication——but I don't think you can solve the problem 
by taking the responsibility away from the operator If vou give him more 


information as to what is going on, that 1s fine 


Are you talking about these combustible indicators tripping the boiler 


in the case of unattended boilers or is there an operator there? 


rhis panel is certainly not aimed at unattended boilers Let us sav it 


is with an operator thers 
You would do a lot better if you fire the operator 
You can't fire him fast enough 


I am a little bit surprised that we have to do all this talking about 
such things as combustible indicators. We have had them for more than a 
quarter of a century in our plant. I can’t quite imagine operating a large 
power boiler without a combustible indicator 

We long since did two things. One was the combustible indicator, and 
the other was to lock out the combustion control, so that the fuel will not 
increase, and the air cannot decrease in case of the presence of combustibles 

It seems to me that that should be adequate to take care of it It has 


been adequate in our case 
How do you take care of a tripout on the fan, on a lockout? 


You say if a fan happened to trip out, all at the same time? 


No, just if it tripped out; never mind the same time If the fan trips 
out, how does the lockout take care of the fuel-air ratio? 


It is tripped automatically. 


lo the level where it would be done instantly ? 
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Mr. Russel R. Beal.... I think we are all in agreement that combustibles will play an important 
part in any interlocking circuit that is devised. However, these devices 
do have their limitations, and I don’t believe there has been any definition 
by the panel as to what fuel is being considered in this discussion of inter 
locking circuits 

“Obviously, if it is gas, there isn’t too much of a problem of obtaining an 
analysis, but if you are talking about oil or coal, there must be heat in the 
furnace before it can be analyzed for combustibles 

‘Therefore, we feel that any measurement of combustibles should be 
interlocked with some device, such as a flame monitor or some thermal 
device, before it becomes a satisfactory type of interlock.”’ 


>"" 


Chairman Summers. ... ‘Therefore, it is not satisfactory on starting up a coal furnace, let us say 


R. R. Beal.... ‘That would be true if you have a coal furnace with insufficient tempera 
ture to produce volatiles from such fuels as coal or oil. With coal or oil it 


wouldn't be a satisfactory device 


Chairman Summers.... Yet some of them could be left over from shutdown.’ 


2 ae This is true if you are talking about shutdown 


Chairman Summers. ... “Mr. Livingston wanted to have a word on this subject Then we will 
abandon it 


W. L. Livingston. ... “Let us assume for a minute that we did have a fool-proof, flawless 
method of analyzing furnace gases. There is little argument that such a 
device could be applied to a furnace as a protecting system. Certainly it 
could 

The problem of applying this thing, of course, is secondary. What do 
you do with it after you have got it? Whereas you might not have much 
argument on applying the device, I am ready to fight now as to where you 
are going to set that device to trip. Certainly | per cent combustible or 
100 per cent combustible is absolutely no guarantee of whether you have an 
explosive mixture in the furnace or not. If is only part of it. By itself it 
is meaningless 

‘You have to compare both the per cent of fuel and the per cent of 
oxygen and the per cent of inert and what kind of inert. It is all at the 
same time necessary to determine whether your mixture is explosive or not. 

“Certainly | per cent combustibles or 2 per cent or 3 per cent is not 
general enough to say that this is going to lead to a problem or not. By 
itself it is meaningless. It always has been.” 


Correction Notice 
C. C. Shale, co-author, of the article ‘‘Precipitators in New Operating Range’ which we ran in December 
1960, pp. 42-43, has called our attention to three errors appearing in the publication 


(1) The summary, Mr. Shale points out, 1s in 
correct in that industry does use precipitators at tem 
peratures above 1000 F and secondly the author 
made no statements on removal above 1200 I 

(2) The abbreviation the authors employed of 
feed rates ‘‘from 2 to 4000 g per hr’ was to represent 
grams and not grains as the published article re 
ported 

(3?) In Fig. 1 as reprocessed there are three mis 
spelled words lutriator sam bling’ and‘ sight.” 
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How Edward Valve Research 





Reduced Pressure Drop /0Z 


Power industry advances in unit size created a need for large, high pressure 
steel valves (ten inch size and larger, 1500 lb class and higher) with three basic 
qualities: 1. Permanent tight seating; 2. Capacity to handle high flow rates 
being encountered in new, high pressure plants; 3. Reduced downtime through 
simplified maintenance. Edward researchers developed the Flite-Flow* design 


~,. 


v 


to satisfy that need. This is their story. 


In 1951 Edward had already developed 
large cast steel globe valves with excellent 
dependability and repairability. Long experi- 
ence in building inclined stem Y-type valves 
in small sizes indicated that this configura- 
tion offered a more efficient flow path. Ed- 
ward research engineers set out to learn 
whether sufficiently strong pressure contain 
ing structures might be built in the Y-type 
design in larger sizes. They also sought to 
find out if pressure drop could be reduced suf- 
ficiently to make such a valve practical for 
high pressure power plant services 

The project consisted pf three steps: 


1. INTERNAL CONTOUR DESIGN — Flow tests 
were conducted with a series of plastic mod 
els. Early in the testing program it was ob 
served that flow capacity was not always 
directly related to the size of the opening 
Reduction of turbulence proved to be even 
more important. This eventually led to subtle 
internal contour changes to pre-shape the 
flow before passing through the valve seat 
More material was added to certain internal 
areas to gain additional structural strength. 


2. DISK GUIDING TESTS To compensate for 
the angular position of the stem-disk assem 
bly tests were conducted to determine wheth- 
er conventional three-point guiding used in 
vertical stem Edward valves would be ade- 
quate for the inclined stem design. Experi 
ments suggested that four equally spaced 
guiding surfaces would be superior. ‘This is 
important in floating disk types such as 
check or stop-check valves where disk -p stun 
assembly must seat automatically 


*T.M. Reg. U.S. Pat. OF. 


W. G. Lunt, research engineer, and E. B. Pool, chief re- 
search engineer, study flow phenomenc in plastic half- 
model of tentative Flite-Flow design. 


Edward research team lowers experimental valve into 
test furnace where it is subjected to prolonged extremes 
of heat ond pressure. This was one of the final steps in 
the development of Flite-Flow valve design. 


3. STRUCTURAL STRENGTH—The usual 
weakness of a Y-type pressure containing 
veasel received much attention. Optimum 
valve contour as determined by flow testing 
permitted use of a structural member in the 
flow passage at the downstream side of the 
seat port. This structural member provides 
strength exactly where needed without sig 
nificant increase in pressure drop. Intro 
duction of this segment to the valve body 
casting without sacrifice in pressure drop 
was a significant achievement 


RESULTS: This program covered a period of 
six years. Tests of the completed design were 
most gratifying. Structural stability, a major 
problem, was excellent. Strain gage and 
brittle lacquer tests of finished valve bodies 
showed stresses well within acceptable limits. 
Pressure drop reduction amounted to as 
much as 70 per cent from best previous globe 
valve experience. Extended tests of finished 
product at pressures and temperatures above 
rating showed no operating weaknesses. ‘The 
Flite-Flow is truly a dependable, repairable, 
low pressure drop valve 

Edward builds a complete line of forged 
and cast steel valves from 4" to 24” for in 
dustrial, marine, petroleum and technological 
services. For more detailed information, con 
tact your Edward Representative, or write 
Edward Valves, Inc., 1206 West 145th Street, 
East Chicago, Indiana. Subsidiary of Rock- 
well Manufacturing Company. Represented 
in Canada by Lytle Engineering Specialties, 
Ltd., 438 St. Peter Street, Montreal. 


EDWARD STEEL VALVES 


ROCKWELL® 





Cutaway view of Flite-Fiew valve showing how in- 
clined stem Y-type valve configuration has been adopted 
to larger size units for power plant services. This internal 
contour design enabled Edward research engineers to 
substontially reduce pressure drop. 
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Fig. 1—Thermodynamic effects of a main unit variation of 10 million Btu/hr 


on a 60 mw cycle, throttle conditions 850 psig, 900 F. 
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Fig.2.—Thermodynamic effects of a main unit variation of 50 million Btu/hr 
on a 300 mw cycle, throttle conditions 2400 psig, 1050 F, reheat to 1000 F. 


Optimizing a Regenerative Steam Turbine Cycle” 


By G. CHIANTORE? D. BORGESE? F. BALDO? and J. H. POTTER: 


Edisonvolta, S.p.A. 


Conventional design procedures require complete and 
accurate heat balances on each of a number of al- 


ternative regenerative cycles in order to determine 


the optimum cycle for a given set of conditions. This 


paper presents an analytical method to reduce the 
number of heat balances required and yet optimize 


the cycle. 


HE SELECTION of the best steam turbine regen 
erative cycle for a new power installation is normally 
determined by heat balance studies of several alterna 
tive arrangements rhe complexity of modern steam 
power cycles is reflected in the heat balances, and a great 
amount of time must be spent in the conventional heat 
balance comparisons of the result, 
many efforts have been made to set-up rapid or short 


alternatives. As a 


cut methods for arriving at the optimum cycle (1-8).! 
This paper reports upon an analytical design method 
S.p.A., Milan, Italy, in 
which a minimum number of heat balances are required 
for the optimization of the 
rhe method involves the 
decided upon by the utility management and the manu- 
This 
as far as 
and the 


developed at the Edisonvolta 


feedwater heater system 


analysis of a ‘‘basic’’ cycle, 


facturer, as being appropriate for the installation 


implies a selection of the turbine, at least 


capacity and steam conditions are concerned 


* Presented before the Annual Meeting 
Lec 2, 1¥00 
Paper No. 60-.WA.179 

Tt Steam Power Division, Milian, Italy 
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Gibbs & Hill 


estimated locations of the bleed points. The basic cycle 
is not a generalized or simplified or fictitious cycle 
building the method upon a generalized cycle would 
reduce the accuracy of the results to the degree obtainable 
with the present shortcut methods. Each case must be 
referred to a basic cycle involving only the specified 
capacity and steam conditions for that particular in 
stallation. It assumes that the alternatives to the base 
cycle may produce more or less power, cost more or less 
money, and operate at rated load at a greater or lower 
heat rate than the base cycle. When these alternatives 
are compared to the base cycle, it further 
that for evaluating purposes 

(a) Each unit of power generated can be used; each 


assumes 


unit of power missing could have been used; each unit of 
power will have the same value and will be capitalized 
in the same way 

(6) The change in heat rate will be capitalized, taking 
account of the probable fuel cost changes and the proba 
ble plant capacity factor over the life of the installation 

(¢ The incremental equipment costs of the alterna 
tives will be algebraically added 

If the turbine described in the manufacturer's proposal 
is still in the preliminary design stages, a study can be 
made to fix the number and location of the bleed points 
and, consequently, the final feedwater temperature 
If the proposed turbine has been fully designed, the only 
possible investigation is the determination of the feasi 
bility of the turbine load changes, and the economics of 


3 Dr. Potter is als. Dean of Graduate Studies, Stevens Inst. of Technology 
New Vork. N.Y 


Numbers in parentheses identify references listed in the Bibliography! 
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NOMENCLATI 


power of the basic cycle, kw 

heat rate of the 

O./P 

heat furnished by 
Btu hr 


change in turbine cap 


basic cycle, Btu kwhr 


the boiler in the basic cycle 
kw 

kwhr 

change in heat furnished by the boiler, Btu ‘hr 
the heater 
and drains, Btu/Ib 


the 


city 
change in heat rate, Btu 


enthalpy difference in between 
entering steam 
enthalpy 
Btu/Ib 


enthalpy drop of drains in the heater, Btu/Ib 


rise of feedwater in the heater 


entering feedwater enthalpy increase, Btu, Ib 
leaving drains enthalpy increase, Btu/Ib 
entering steam enthalpy decrease, Btu/Ib 


feedwater flow, Ib/hr 


feedwater heaters. In 
balances or other shortcut 


the elimination of one or more 


either event, simplified heat 


used ; 


methods may be 
terminal differences, the 

and the location of the 
boiler feed pump require greater accuracy in calculation 
Either detailed heat balances 
presently described 
the 


may be simulated by fictitious 


Optimization of the heater 


use of condensate drain pumy 


must be used, or the op 
timization method, to be 

rhe theory 
iny modification of 


underlying proposed method is that 
a cycle 

additions and subtractions of heat in the basic cycle, since 
these have the same effects on turbine capacity and heat 
the 


many of the complex prob 


rate. This is similar to perturbation techniques 


employed in the solution of 
rhese fictitious additions 


the 


lems in the physical sciences 


ind subtractions of heat in basic cycle are to be 


identified as ‘‘main variations \ linear relationship is 


the 
that is, changes in 


to exist between the variations and 
effects in the cycle 
ind heat rate It 


effects of one or more modifica 


issumed main 
thermodynam 
turbine is further assumed 
that the 
tions are equal to the algebraic sum of the thermodynami 
effects due to each of the 


lo recapitulate 


capacity 


thermodynam« 


corresponding main variations 
any modifications to the cycle may 
ding main variations, and 


V/, of the modification 


be expressed by the correspor 
the overall thermodynamic effects 


may be expressed as 


M = (a)V; + (6)V; 


where a, 6—-are the ‘‘main 
the 


main 


variations” corresponding to 
the 
corre 


unit 
the 
main unit vari 


modification, measured by taking as a 
unit 


sponding thermodynamic effects of the 


variation ind =| \’, are 


heat of a fixed 
irbitrarily, usually between 


This is a fictitious addition of 


which may be selecte 


ition.’ 
value l 


| and 2 per cent of Q 
Determining Basic Cycle Heat Balance 


rhe procedure for applying the foregoing theory 


consists first in the determination of the complete full 
load heat balance of the 
The main unit variation is then applied in the con 


basic cycle 


denser, in each of the feedwater heaters, and in the 
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leaving drains flow, lb/hr 

extraction steam flow, Ib/hr 

(feedwater (overall 
Ib /Ib 

main variation, Btu/hr 

heat introduced feedwater 
consecutive heaters, Btu/hr 

heat introduced by a pump, Btu/hr 


extracted) feedwater flow 


into between two 


DEFINITIONS 


Heater another heater heater 
preceding in the direction of feedwater flow 

Inlet terminal difference’’—the temperature difference 
between the leaving drains and entering feedwater 

‘Outlet terminal difference’’—-the temperature difference 


between saturated steam at heater and outlet feedwater. 


upstream ol means 


boiler, and the corresponding thermodynamic effects are 
calculated The introduction of this 
extra heat in the condenser, for which the same loading 


by heat balances 


and cooling water flow is maintained, results in a loss of 
vacuum with a consequent increase in the enthalpy of 
the the condenser \ AP 
ensues \s the heat supplied by the boiler is unchanged 
the heat rate is adversely affected 


steam to loss of power 


In the several feedwater heaters the introduction of the 
main unit variation causes a reduction in the bled steam 
with the probability of greater power development and 
reduction in heat rate 

The main unit variation introduced after the last high 
pressure heater will decrease that needed in the boiler 
and reduce the heat rate, however the bled steam flows 
remain the same and there ts no change in power 

The changes are related to the basic cycle values as 


Ar/r, 40/0, AP/P, 

Calculations of the thermodynamic effects of the modi 
fications are facilitated by grouping the effects of the 
main unit variations as shown in Table I 

The steam saturation temperature in the several feed 
water heaters are used as loci forming the abscissa of a 
graph in which the quantities listed in Table I are 
plotted. Representative graphs are shown in Fig. | 
2, p. 38, and 3, p. 41 

The thermodynamic effects of a main unit variation 
in a 60 mw non-reheat cycle are shown in Fig. 1 If 
Fig. | were being used in a study to determine the num 
ber of feedwater heaters, approximate values of A/’, 
AQ and Ar could be obtained by reading the respective 
ordinates at the saturation temperatures intermediate to 
those shown. However, it is important to note that to 
maintain the accuracy of the method, the addition of 
other heaters would require a new Table I and a com 
plete re-calculation of the values in it 

Larger and more complex cycles have been represented 
in Fig. 2 and Fig. 3, to show the effects of reheating and 
higher throttle conditions. The trend of the curves in 
Figs. 1, 2 and 3 may be explained as follows 

(1) The SP and Ar curves show improvement as the 
saturation temperatures rise. This follows from the 
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rABLE I-THERMODYNAMIC EFFECTS DUE TO 


Heat Addition in Car Ist Hts 


AP, kw 
AV, Btu/hr 
Sr, Btu/kwhr 


Second Law of Thermodynamics and from the fact that 
as less steam is bled at the high pressure end of the turbin« 
more work can be done 

2) The AP curve flattens, or even slopes downward, 
in the last portion toward the boiler. This is due to the 
fact that only a portion of the heat introduced in the 
last turbine ca 
pacity 
ture, thereby reducing the heat supplied by the boiler 

3) If the exhaust end of the machine is small, heat 
the L.P. heater could conceivably result in 
negative values for AP 
rhis might occur if the bleed pressure was very low, so 


heater is recovered as an increase in 


rhe balance raises the final feedwater tempera 


added in 


and positive changes in Ar 


that the small power increment produced by the extra 


steam flow was offset by the increase in the leaving 


losses 

(4 Where reheaters are 
the extent that increased steam flow through the re 
the final 


used, the AQ is positive to 


heaters offsets the rise in feedwater temper 
iture 

(5 Che occurring in 
curves in correspondence to the cold 
due to the fact that steam extracted after reheating is 
again by the 


utilization for 


Ar 


bleed, is 


the AP and 


reheat 


step down 


highly superheated and, consequently, 


Second Law of Thermodynamics, its 


* «Te 


\e™ om 


POWHATAEAM GF Veet MTA 


SAVINGS 


DOLLAR 


| 
a oo ate " Ee 


HEATER SATURATION TEMPERATURE, F 


Fig. 4—Economical valve of the thermodynamic effects of cycle shown in 
Fig. 2 appear above 


a 


Fig. 5—Optimization of ovtiet terminal difference for one of the heaters 
shown in Fig. 2 
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A MAIN UNIT VARIATION BTU/HR 


2nd Htr h Boiler 


feedwater heating involves a loss This is the reason 
why the bleed after the reheating is placed normally 
quite far from it. Consequently the cold reheat bleed 
generally furnishes the feedwater with a larger quantity 
of heat than the other bleed points 

The economic value corresponding to a main unit 
variation can be determined from the graphs described 
values of fuel cost, plant 


and cost of installation 


the criteria and 
money 
1 this value is plotted against 


above when 
capacity tactor, cost ol 
are established In Fig 
the heater saturation temperatures for the cycle shown 
2. Curves A and B are based on equal plant 
st ol 


in Fig 
capacity tactors and fuel costs, but B exceeds A in c 
construction. Curve C 
Any number of curves could have been plotted 


represents variations in these 


items 
in Fig. 4, depending upon the combinations of the vari 
ables involved 

The general rules to determine the main variations 
corresponding to a modification are as follows 

(a First determine the heaters directly affected by 
the modification, (6) Perform a heat balance around each 
of these heaters, resulting in a change in bleed flow, (« 
Then obtain the equation of the main variation in cor 
respondence of each heater by the product of the change 
in bleed flow for the enthalpy difference between entering 


“HEATER COST 


CHANGE IN TO. FROM BASE, F 
-2 -3 





THERMODYNAMIC GAIN 
‘ 





DOLLAR SAVINGS 
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 teheded Med oe 


cycle, A/ 
the 
interest, main 


steam and drains in the bas 


For a series of changes in feedwater circuits 
covering the cases normally of 
wccording to the preceding rules 
und the resulting equations are given in Table II 
lable III lhe tables contain both exact and approxi 


mate equations thermodynamic and eco 


variations 


have been evaluated 


and 


In general, the 


nomic inaccuracies are of the same order or magnitude 


so the approximate equations are normally adequate 
Modification A in Table II involves 


second term of the denominator in the 


As an example 
elimination of the 
exact equation. For the changes anticipated the term 
e”/Al will be less than 2 per cent 


the cost range of the equip 


and the approximate 
equation is reasonable within 


ment changes which it will govern 


The equations of Tables I] 


on as follows 


ind III may be commented 


A. Change of co Heater Inlet Terminal Difference 


Reducing the subcooling surface of a heater causes at 


47 & 4Q 
’ TH wre 
atwcar 
on we 
Last wT 


| 
B cownsrecan 


a 


INCREASING AP DECREASING 





HEATER SATURATION TEMPERATURE, F 
Fig. 3—Thermodynamic effects of a main unit variation of 50 million btu/hr 
on a 350 mw cycle, throttle conditions 5000 psig, 1200 F, reheat to 1050 F, 
second reheat to 1050 F. 
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| | 


increase in drain temperature and enthalpy, and cons« 
The main variation 
, a removal of heat 


quently an increase in bleed steam 
for this heater is then negative, i.e 

The only other heater directly affected by the modifi 
cation 1s the upstream one, into which the drains enter 
at a higher enthalpy. As a consequence, 
steam 1s required. Main variation of the 
heater has the same value but opposite sign to that of the 


less bleed 


upstream 


modified heater 

If the lowest pressure heater is modified, the change in 
the heat furnished by drains to it will involve a change, 
of equal amount but opposite sign, in the heat discharged 
in the condenser 


Editor's Not 
the heater suriace 


Instead of varying the basic load and heat 


rate could be varied, which would result 
in a change in cost directly, based on the modifications, as 
the ratio of thermodynamic change 1s approximately pro 
This approach 1s developed 


| ppendix appearing on p. 44 


portional to the surface change 
by John H 
at the close of this article 


Cruise in an 


B. Change of a Heater Outlet Terminal Difference 


Increasing the condensing and/or desuperheating area 
of a heater causes an increase in bleed steam and a rise 
in the outlet feed temperature. Again, the main vari 
ation for the other heater directly affected by the modifi 
cation, i.e., the downstream heater, is of the same amount 
but with opposite sign 

If the highest pressure heater is modified, the change 
in F.W 
boiler 


temperature causes a main variation for the 


C. Change in Extraction Piping Diameter 


Variations in piping diameter cause changes in the 
pressure drop between the extraction point and the 
heater, reflected in the pressure and saturation tempera 
ture in the heater. As the terminal temperature differ 
ence at the heater outlet remains constant, there is a 
change in the outlet Changes in 
extraction piping diameter give, therefore, a main vari- 


feed temperature 
ation as in case B 
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D. Heat Introduced into the Feedwater from an Outside 


Source 


Here the 
of the point of application in the same manner as case B 
The 
main upstream heater is equal to the 
difference heat and the main 
variation for the downstream heater 


modification affects the heater downstream 
and consequently the main variation is the same 
variation for the 


between the recovered 


E. Addition of Booster Pumps in the Feedwater Circuit 


\n additional pump causes a temperature rise in the 
water, with effects similar to case D, and a rise in pressure 
reflected in enthalpy rises downstream 


F. Addition of a Drain Pump in the Feedwater Circuit 


lable 


Introducing a drain pump as shown in case F, 
III, causes 

1 \ rise in temperature of the heater drains due to 
the elimination of the subcooling zone, and 
\ shght change of enthalpy to the downstream 
heater due to mixing, and 
At all heaters 
drain pump there will be a substantial reduction 


between the condenser and the 
in feedwater flow and an equal reduction in drain 


flow 


G. Separate Desuperheating of Bleed Steam 


Sometimes there is justification for a separate cde 
superheating of the bleed steam at a high point in the 
Table Ill. If 


there 


feedwater circuit as shown in this desu 


perheater 1s downstream of the last heater is only 


in enthalpy rise of the final feedwater. If the desuper 


heating is done between two feedwater heaters the criteria 


of case TD will apply The heat balance around the 


heater receiving the desuperheated steam shows an 


increase in bleed flow, and consequently the main vari 


ation for this heater is negative 


H. Feedwater Extraction 


Partial feedwater flow may be combined with s« paral 
desuperheating +t lable III rhe general 
relations developed for case G will apply for the heater 
and for the 


as shown u 
receiving the desuperheated steam reentry 
pomt. The main variation for each heater between the 
water extraction point and reentry point is proportional 


to the change in feedwater flow 


Replacement of a Surface Heater by a Contact Heater 


surface heater be substituted by a contact 
heaters affected by the 
same as im case F, but the heat 


heaters are slightly different 


Should ul 
heater, the modification are the 


balances around the 


Optimizing Terminal Temperature Differences 


part of the calculation has been per 
ipleted 


ve been drawn, the evalua 


Once the first 
lablk 


to those of Fig 


formed, I has been con und graphs similar 
1,2, 3and 4 ha 
modification 1s very 
~ outlet 


heaters mav be 


tion of economic gain due to any 


quick and easy \s an example, optimization 
terminal temperature differences of the 


performe 1 as follows 


(1) Using the approximate formulae in Tables II and 
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II], the main variations are seen to be proportional to 
differences lo 
lable IV 


is prepared on the basis of a change of | deg F in terminal 


the changes in terminal temperature 


part ol 


evaluate the main variations, the first | 


differences; other changes are obtainable by 
Table IV is then prepared, 
preliminary calculation reported 


proportion 
2) The second part of 
using the result of the 


in Table | 


FOR EVALUATION OF GAINS 


MODIFICATIONS 


DATA 
CYCLE 


rABLE BASIC 


FROM 


Btu/lIb 
Btu/Ib 
Btu 

kw 
Btu/kwhr 


stu /he 


thermodynamic effect of the 
idded to the 


The value of the 


modification 1s then algebraically cost of 
heaters 
From the 


ferences and 


terminal temperature dil 
heater known Phe 
terminal temperature differences may be 


heater 


basic design the 


Suriaces art cost ol 


changes in the 


estimated, or may be obtained from the manu 


facturer Chis determination ts facilitated by the use ol 


Table \ 


design due to small changes in the terminal temperaturs 


relating the heater area changes from the bas« 


differences 


AREA CHANGES FROM THE BASIC 


DESIGN 


rABLI HEATER 


lable heater 
effects 


for several terminal temperature differences 


VI, in which the 
combined 


This ts then followed by 


cost and thermodynamic values are 


In order to limit the number of calculations, several 
values from Table VI can be plotted and the optimum 
his has been indicated 
final tabulation 


terminal tem 


value determined graphically 
for one heater only, in Fig. 5 \ 
then be listing the 
difference for each heater and the ov 


can made, optimum 


perature erall 


saving referred to the basic cycle 


Discussion 


It is that with the large array of 


iriables the number of calculations can become excessive 


method and a 


readily apparent 


Experience in the application of the 
knowledge of the performance of similar cycles will reduce 
hence the time for 


alternatives and 


Once the optimum values are determined 


the number ol 
computation 

for each of the modifications, the best feedwater heater 
cycle for the plant 


evcle by each of the 


can be found modifying the bas 


changes which will improve it 
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Phe then prepar« final heat balance of the 


optimized cycle to determine the 


cle Signe! 


turbine and station 


heat rates and the net power output [his also serves to 


check the assumptior vhich the changes were made 
\ qualitative indication of the best places in which the 
from a study of Fig. 4 


initiate changes « 


\s examples, the cho nal feedwater temperature 
the 


i first approximation 


ind locations ters can be weighed \s 


» be realized from an intro 
is an imdex 
This 1s the 
extrac 


heat upstre the economizer 
justifiable 


highest 


duction of 
ol the 
criterion for t ocatt t he 


maximum 
pressure 
tion 

Che appro quations given in Tables 
Il and III ha beet mpared in Table VII for a 


modert It is ipparent that 


large il turty le 
d 


reat accuracy with the approximate 


equations 
ALUES FROM 
1 TYPICAI 


Conclusions 
As it 


concise 


was the this paper to 


method, detailed calcula 


present in 
form the 


tions have been om: 


Superfi ially, the Ita ipproac h appears com 


plicated. However, an extremely logical and systemati 


method has been presented for analyzing the effects of 


small changes in the steam turine 
Itahan 


traditional 


even the regenerative 
experience has verified by 
heat 


accuracy of the 


cycle comparison 


balance usefulness 
method 


others. the 


with procedure the 


ind which has been used to 


optimize, among vele of the new Edisonvolta 
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PHERMODYNAMIC ADVAN 


COSTS AND 


first unit of this 1s 
steam conditions are 2400 psig, 
reheat at 1000 F, and an back 
Hg It is to be hoped that the pro 
posed method will be taken up by the design engineers 


installation at La Spezia Italy The 
i 320 mw, in which the 
1050 F 


with ibsolute 


pressure of 1.5 in 
in this country 

rhe authors wish to express their thanks to Dr. Ing. G 
\medei and Mr. G their valuable 
tion hanks are due to Mr. A 
Mr. J. B. Prather 


Fossati tor coopera 


also Gnesutta and 
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ApPenDiIx—Sample Study of Surface Change Effects Upon Cycle Efficiency 


Ai-E 


DRAIN THERMAL EFFICIENCY = 


reduced surface 
basic surface 

















Surface ~ 


SYMBOLS 


Overall heat transfer rate 
Weight of feed, lb/hr 1.) 
Weight of drain, lb hr 
Mean specific heat 

it 
temperature 


Surliace, sq 


mean 
drain 


Log, 


feed 


Log, Al 


PREMISE ABOVE PLOTTED Ov1 


Scheme showing relationship « 


LL 


difference 


if two concepts to achieve basic cycle conditions 


By JOHN CRUISE 


- ¢/D. Al 
UA p,,.Al 


Basic heat balance 
RS(Log, S17 


NOTE Within the limit of change, the transfer rate 


pressure drop, and Log,A/ are _ considered 
rhe transfer rate and pressure drop are assumed com 
pensated for in a final heater design by a change in di 
The Log, 4/7 is of small degree 


constant 


ameter or length or both 


Heat balance based on the drain system 


RS(Log, AT) asic cycl 


tcp, Al 


R(S + AS) Log, A7 


C/p,Al 
RS Log, A7 
AS 


d p,,Al 


/ p.. Al A / 


Log, 


AH 
All 


RS 


p,,A7 


c/p.Al Sz AS 


It is thus established that a change in surface is ap- 


proximately proportional to a change in enthalpy 


basic 


1) Change in surface change 


in bleed flow 


1— SURFACE VARIES 
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normal 








| 





j constant-entropy 


Drain flow direction 


is ti 
o+— 


points 





t bo 


Due to change in surface 


Due to change in flow at bieed 
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2 -FLOW VARIES 





flow increased 
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BLEED STEAM DESUPERHEATED BY EXTRACTED 
FEED IN A SEPARATE DESUPERHEATER 
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| flow normal flow increased of 


reduced enthalpy basic enthalpy | 


AuTtTuors’ Case G, Taste Ill, P. 41 


Plot Comparison : / 
Surface Vs Flow Change a 


Modified feed 
— onal Basic feed 

















'BLEED FEED CONSTANT — SURFACE VARIES 
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FEEOWATER EXTRACTION FOR DESUPERHEATING BLEED STEAM 





irHOoRS' Case H, Taste III, P. 41 























HEATER “S” 




















Enthalpy difference in the heater 
between entering steam and 

















leaving drains 


| bleed flow constent bieed flow constant Main variation, Btu/hr 
enthalpy -reduced enthalpy basic -e . 
Vi Extraction steam flow, lb/hr 


Decrease in entering steam en 
a5 | thalpy 
f | = Fraction of feedwater extracted 
from overall flow 
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REPUBLIC ELECTRUNITE STAINLESS STEEL HEAT EXCHANGER TUBING resists 
corrosion and provic des long trouble-free service for main surface condensers 
in utility power plants where woter is used directly from notural sources. 


Call your Republic representative for additional informatix 


REPUBLIC ELECTRUNITE BOMER TUBES reduce installation time and 


operating costs becouse quality is built-in. Full normolizing, uni- 


form woll thickness, ond trve concentricity assure easy workability 
ond in service dependability. Bends are smooth and uniform 
Rolling-in operations easier. The Riley RX Unit, above, is an addi 


tion to the Tallahassee municipa! power pliant at St. Marks, Florida 





Tallahassee “powers up” with 


REPUBLIC ELECTRUNITE BOILER TUBES 


When more power was needed to meet the growing needs of growing Tallahassee, the city 
authorized Riley Stoker Corporation to design, engineer and erect a new RX Boiler unit. 

Riley tubed both boiler and water walls of this new unit with Republic ELECTRUNITI 
in 2%" and 3%” sizes. With the ELECTRUNITE Tubes rolled-in, the Riley RX operates 
at a continuous unit capacity of 220,000 Ibs. of steam per hour, with an operating 
pressure of 1050 psi, at 950°F. 

You can trust Republic ELECTRUNITE Boiler Tubes always to roll-in easily. Because, 
the ELECTRUNITE process assures true tube concentricity, uniform ductility, freedom 
from hard spots. Uniform wall thickness and diameter, too. Bends are smooth, wrinkle- 
free, uniform. You never tubed it so good! 

This quality tube is produced to meet ASTM specifications, ASME Boiler and Pressure 
Vessel Code, Federal and State committees, and boiler insurance requirements. 

Power up your equipment with the one tube everybody trusts . . . for performance, 
dependability, and initial economy. Contact your Republic representative, or return 


coupon below for facts. 





FARROWTEST REJECT TABLE 


; Wall Minor dimension 
Thickness of the defect (Length, 
(B.W. Gage) (Length or Depth) Depth Plane) 


| Defective Area 

| 

| 
20 006” | .0025 sq. inches 
18 .006"" | 003 sq. inches 
16 12% of wall =| 003 sq. inches 
14 and 13 12'A% of wall | .004 sq. inches 
12\A% of wall | 005 sq. inches 


FARROWTEST detects and rejects not only tubing containing defects 
which completely penetrate the wall; but also tubing with defects 
equal to, or greater than, those shown in this table. For irregular 
defect shapes, o tube with defect crea equal to or greater than 
shown above is rejectable. Where required, sensitivity of FARROWTEST 
equipment can be calibrated to reject defects of lesser specified 





crea thon shown in table, ot extra cost 








FARROWTEST— QUALITY YOU CAN MEASURE. Not c mere laboratory theory, 
not a mere inspection tool, but an exclusive eddy-current production line 
test thot detects and rejects tubing containing defects of critical size, 
FARROWTEST is offered os an alternative to other less positive tests in 
accordance with the toble cbove, of no extra cost. 


é 
REPUBLIC STEEL 


f——-_------------ +--+ 


REPUBLIC STEEL CORPORATION 
DEPT.CB -1681 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on the following products: 
CO) Republic ELECTRUNITE® Boiler Tubes C) FARROWTEST®* 
CO ELECTRUNITE Stainless Steel Heat Exchanger Tubing 


Kh forlas en, knwge 
x Stivadlard. Stols avd. Stok. Pedi 


ee 





Company— 
Strong, Modern, Dependable 


Address 








City Se Oe 





By IGOR J. KARASSIK* 


Worthington Corp. 


The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today’s power plant. Here we run in 
question and answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
are the work of one of the topmost pump authorities 
and give specific information which we hope will 


prove valuable to our readers. 


Steam Power Plant Clinic—Part XXIil 


QUESTION 
Pi 


(Jur power p dantis 1solated from any other electri vsiem 


j j J ; ; / 
our load has o the point that we have 


Recently grown 


practically no reserve over the peak demand and a new unit 
added shortly. In 
load exceeds the installed capability and causes a 


hour 


will be the meantime, occasions arise 


when the 


hour or one 


reduction in frequency for as long as one 


and a half. Obviously, this reduction in frequency has the 
effect of slowing down all 


; 


ectric: driven auxiliaries. I] 
the bhoutler ] 


feed 


1 might render them in 


am primarily concerned with pumps as 


suspect that this reduction in s pee 


capable of maintaining the required rate of feeding Can 


you indicate a method whereby the effect of requency vari 


ation on the capability of the boiler feed bumps may be 


predu ted 


trouble. or rather da nger from that quarter? 


so that we can find out whether we are in serious 


ANSWER 


Because a centrifugal pump is a velocity machine, a 


change in speed will affect the head-capacity curve of 
the Since all pump impeller 


pump velocities in the 


MEAO W YY, OF PaTE 


OTau 


Maximum DEMAND / 


& vo ab * 

CAPACITY if | OF RaTeD 

Fig. 1—Effect of frequency variation on relation between H-Q and system- 
heed curves 
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and in the casing (for similar points on the characteristic 


direct proportion to the peripheral 
easy to calculate the effect on 
he pump capacity, which ts a 


directly as 


curve) will vary in 
velocity, it becomes very 
the head-capacity curve 


function of the vary 


velocities, will 
the operating speed he total head 
of the square ol the peripheral speed 


Finally 


direct 
which is a function 

will vary as the 
square of the operating speed since the power 
consumption varies as the product of the head and the 
capacity, the power will vary as the cube of the operating 
speed 

We can, therefore 
which we can multiply the capacity and head points of a 


pump curve so as to predict the pump characteristics 


prepare a tabulation of factors by 


at any frequency other than the rated frequency lf 
the latter is 60 cycles, these factors will follow Table | 
You factors to family of head 
capacity curves for your boiler feed pumps for any fr 
I earnestly hope that you 


use these prepare a 


quency between 60 and 55 
are not faced with anything as drastic as such a reduc 
Fig. 1, in which a 


tion \ typical example is given on 


TOTAL #£A0 IW % OF RATED 


Maximum ogmaio 


60 TO | @& 160 
_CAPACITY I6 & OF RATED 


Fig. 2—Operation with 2 and 3 pumps in parallel at varying frequencies 
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Head 
Multiplier 


HO f 1 oOo 


Frequen y 
OT 


OO 
S71 
S4 


typical performance curve of a boiler feed pump ts ex 


its rated conditions 


pressed in terms of percentages of 
as well as at lower 
with the frequency 


10 per 


it 100 per cent speed or 60 cycles 


frequencies Thus, for imstance 


56 cycles, the rated point of cent 


reduced to 
capacity and 100 per cent head will have been reduced to 
93.3 per cent capacity and 87.1 per cent head 

Whether frequency reduction will impair the ability 
of your boiler feed pumps to deliver sufficient feedwater 
to the boiler will depend in part upon the extent of fre 
part upon the margin that has 
been included the demand in 
selecting the rated conditions of the pumps To illus 
issumed in constructing Fig. | 


quency reduction and 1 
over and above system 
trate this point, I have 
that 8 per cent has beet 
requirements and that the pump head has been selected 
the system-head at the 


idded to the maximum capacity 


irbitrarily at 2 per cent above 


For a more comy 
ponse to Electrica i thor j 
\ Steam Plant peratior t r Emergency Condition I 
t trifugal Pump Auxiliaric pre tee 
Worthington Reprint RP.104 


ee Boiler Feed Pump Re 
cht and Power. Aug 1} 50 
flect of Pre 
juency and Voltage 


at PCEA Meeting 


Ot ESTION 


Is it common pract 
piping of a borler 


Some of our eng favor of such a relief valve 


SSUure 
j 


CiOS¢Ca 


protection against the ling up of discharge pri 


im the suction line tion line valve ts 
Others, including my our present system in 


f the norma tive features required and 
Building 
, ; 
uctton line can only occur 


and then 


corporates all o 


that the addition of 


; 


not justified 


her el va 1 
up ol di th irge pre ure 


, 
under certain operating ditions only when 


, 
valves have been operated ctly 


hows the system as now 


/ he enclosed ketch 
insta led Vormai 


on standby service with 


both lnder these con 
ditions, the discharge 


[i ihe uclion ] r 


suction and discharge tlves open 


cannot build up in the suc 
tion line osed, di charge pressure 


j 


can build up in the pumy uction line only when one 


ol the following cond on 

1. Hand valve in recirculation 
2 Recirculation control valve 
39. Leakaye past check more than 130 gpm 
lhe 


normal ope ration 


ine closed 
/ 


Ciosed 
unde rT 
The recirculation 
Thi 


should there be 


open”’ valve which 


hand valve 1 


now wt osed 


control valve open wit flow in the suction line 


wmiive als aus Lf in ypen postition 


loss of control awtr 7 ri, oniy excessive eakage 


through the check valve as a cause of excess pressure in the 


suction line Since the pump operator should never close 


the suction closing the discharge valve 


vaive 


this condition ts a 
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the normal 


must be 92.5 


rated Thus, at 


capacity so established 
maximum demand, the pump capacity 
per cent of rated and the head 96.5 per cent of rated 

If this be the case, and assuming that the pump is not 
worn, the frequency could drop to 58.3 cycles without 
preventing the pump from delivering the full maximum 
to the boiler. If the frequency 


56 cycles, the head-capacity curve 


demand flow however 
were to drop to 
would intersect the system-head curve at 76 per cent of 
rated capacity of 82.2 per cent of the maximum demand 

Of course, if the pump is worn appreciably and internal 
leakage has reduced its effective capacity appreciably 
below its rating, the effect of frequency reduction will 
be more severe in restricting the ability of the pump to 
deliver sufficient flow to the boiler 
leads to the recommendation that if your pumps have 
not been reconditioned for a long time, renewing internal 
clearances may well be indicated at this junction 

(Another suggestion may be in order if your installation 
includes spare equipment. Assuming, for instance, that 
your unit is served by three pumps of which two ar 
iS a Spare, running this 


This consideration 


running for full load and one 
spare pump whenever you are expecting frequency re 
duction may get you over the hump until your new unit is 
available. Fig. 2 illustrates the effect of running three 
such pumps under reduced frequency conditions. You 
will note that even were the frequency to drop to 55.5 
cycles, the three pumps will still deliver the maximum 
demand. Of it may be wise to start the spare 
pump in advance of the anticipated frequency reduction 
lest the starting current impose further difficulties on 
your plant once it is loaded beyond its normal capacity 


course, 


lo prevent reverse rotation in the pump due to excessive 
if 1s our practice to close the 
after stopping a pump. The 
to see that 


eakage past the check valve 
discharge valve immediately 
valve 1s then opened and a careful check made 
the pump ts not rolaling in reverse 
Your comments on this problem would be most helpful 


and yreat appreciate d 


\NSWER 


rhe practice is very far from being common, though | 
have seen relief valves incorporated in a few installations 
It is my opinion, very frankly, that there is no justifica 
As you 
accumulation of cir 


tion for its use in the case you have described 
say, it would require an unusual 
cumstances and of operational errors to cause any diffi 
culty in the absence of a relief valve. Such an accumu 
lation would come under the heading of triple or quad 
ruple contingency and power plant designers cannot 
afford to protect a steam power plant against this 
After all, there are many more areas in a plant where pro 
tection against multiple contingencies would be equally 
justifiable and where no such protection is employed 

In general, my reaction to a problem such as this is to 
start with the proposition ‘It is always a risk to operate a 
steam power plant If we wanted to eliminate al/ 
risks, we couldn't afford to build one. Therefore, our 
real problem is to properly classify all the individual 
shall encounter and establish which of these 
which risks we can only 


risks we 
risks we can afford to eliminate, 
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Fig.3— 
‘ne / OEAERATOR 
ematic diagram | STORAGE LOCKED 
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piping - 50 PSIG 
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mir _ 
arate MOTOR OPERATED vaLve Omirice 
FLOW 
OniFice ey Pass 
vacve 
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OPENS VALVE 





Fig. 4—Standby B. F. pump valving 


muninmuze and which ones we must endure My opimion 


is that in the case vou have described, the risk of en 


countering a combination of circumstances which would 
cause difficulty if no relief valve were provided, falls into 
the group of risks we must endure 


The only 


ition might be 


irrangement where more serious consider 


given to the use of a relief valve is that 


where a single spare pump is used for two adjoining 
Fig. 2 Here, there are two suction valves 
one im each of the lines from the Nor 
or the other suction valves are kept open, but 
that both 


recirculation 


umits (sec 
two deaerators 
mally, one 
i greater chance valves might be closed 


Since the 


there is 


by error lines (not shown on the 


illustration) will also be provided with alternate connec 
tions to the deaerating heaters, so as to return the bypass 
flow to the 
that both 


then, including 


there is also a chance 


blocked 


i rehef valve may be con 


proper unit greater 


| In 


sidered as sound 


lines may be close this case 























protection But even here I would feel that the valve is 
optional and not mandatory 

Reverse rotation caused by leaking or sticking check 
valves is a matter which has frequently caused me con 
cern I am therefore very much in agreement with your 
procedure to close the discharge valve on a pump that is 
taken off the line until the operators are sure that the 
check valve is operating properly I actually prefer to 
see the valve closed first and then the driver tripped out 
ussuming that we are dealing with a scheduled operation 

Even with a motorized valve it 
for complete closure If the check 


is closed after the 


and not an emergency 
may take up to 50 sec 
valve is faulty and the discharge 
pump is tripped out, by the time the flow is interrupted 
ilready have 


valve 


rotation may 
closed while the 


the damage from reverse 


occurred The discharge valve can be 
pump is running since the automatic bypass recirculation 


protects the pump against operation at shut-off 


Air Pollution Control Association Meeting 


ontrol Association 
Hotel Commodore 
Association President 
Metropolitan 


\pproximately 


The 54th Annual Air Pollution ¢ 
Meeting will be held June 11-15 at the 
in New York City, Harry A. Belyea 
ind Chief Air Pollution Control Officer of 
Poronto, C 


MK) of the 


inada, announced recently 


nation’s leading authorities of air pollution 


control are expect to attend the five-day meeting Che 
Pollution Is Every 


New 
Control, 1s 


theme of this vear’s meeting ts “‘Atr 
Business we 
City Department of An 


this vear s conterence ch 1irihial 


Commussioner 
Pollution 


body's Benline 


York 
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Eighteen technical sessions have been planned, at 


physicians, industrialists 


local 


will present some “) papers on a wide variety of subjects 


which scientists, researchers 


ind officials of Federal, state and vovernments 


Included among the papers will be discussions on im 


incineration 
and 


strumentation, pollution standards, health 


fuels, control equipment, meteorology, research 


many others 
featuring the latest 
ur pollu 


On display will be an exhibit 


most modern advances 1n the 


ent equipment field 


instruments and 


tion abater 
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Hiring Engineering Graduates—Why and How 


An engineering college has two prime responsibilities 
fundamental to its nature and function. It must im- 
par! knowledge to the student and it must develop 
and store knowledge. Obviously the dedication of 
teaching talent to research under the latter function 
must detract from undergraduate education under 
the former. Acting on a number of indications that 
the quali y of engineering education was beginning 
to suffer from emphasis on research, COMBUSTION 
attempted to discover the importance of prestige 
schools—{those getting the largest research grants) in 
the recruiting of engineers. At the same time we 
attempted to uncover the personal characteristics most 
highly valued by employers of engineers. The re- 
sults, covering the hiring of nearly 8000 engineering 
groductes annually, are both interesting and en- 
lightening. 


We at ComBUSTION have felt a growing concern about graduate schools of engineering tend to corroborate these 
the quality of engineering education at the undergraduate conclusions. We wondered therefore how much impor 
level. Is it true, for example, that when a university is tance industry was now attaching to the quality or 
awarded a new grant for research it becomes almost axio reputation of an engineering school in their current re 
matic that skilled teaching talent is taken away from cruitment of engineers. Was matriculation at a prestige 
the classroom and devoted to the research project? If school a ‘‘must’’ or just icing on the cake? Were other 
so, it follows to our way of reasoning, that the schools factors more important to employers in selecting new 
receiving the most research dollars would be experienc engineering talent? Which were the most important? 
ing the greatest difficulty in maintaining their standards Currently available answers we found conflicting and 
of undergraduate education. The very universities who vague so we went directly to the source the emplover 
boasted the finest faculties would find their ranks deci- for some answers. The employer—whether he 1s right 
mated by immediate and pressing demands of research or wrong in his approach to recruiting—1s the man who 
projects. Individuals concerned with admissions to must be satisfied 
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Electric Utilities and Industrials Quizzed 


rhe search started with the top 100 industrials from 
Fortune Magazine's listing and 40 electric utilities hand 
picked to include the largest and smallest (investor 
owned) and to represent all corners of the nation. Re 
sponse from the utilities (62 per cent) was better than 
the industrials (50 per cent) and here we encounter the 
first of many, many We unusable 


surprises received 


replies from a number of the country’s largest industrial 


concerns stating that they were unable to participate 


because 


(1) Their annual recruitment was not large enough to 
offer any significant conclusions 
There were no convenient or accessible records 
There was no centralized recruiting program or 
records. 
One employer could not give us a breakdown by 
schools but 
stated that geography was his prime recruiting 
factor 
[wo refused to participate believing we were 


because of decentralized records 


asking them to rank schools according to aca 
demic excellence 
S000 en 


Usable replies covered the hiring of nearly 


This number represents about 25° 
The majority 


The 


gineers annually 
of all engineering graduates for the year 
of course, were reported from the industrial ranks 
breakdown: 


BACHELOR ADVANCED 
DEGRE! DEGREE 
UTILITIES 2 22 
INDUSTRIALS 31 1395 
rOTAI 437 14] 
that most 
ill showed interest in securing 


It was especially gratifying respondents 
identified themselves and 


a copy ol the results 


The Questions 


COMBUSTION’s questionnaire was designed to elicit this 
information 
1) Number of engineers recruited annually 


(a) With the bachelor degree 
5) With advanced degrees 


») The ten schools from which the respondent drew 


the majority of these engineers (in each category 


(3) Had the employer discovered any qualities of en 
gineer recruits which were indicators of future success in 
his business? 

(4) What were these qualities -what was their order 
ot importance ’ 

5) Regardless of whether or not item (4) had been 
answered we asked that the following be ranked in order 


of importance as indicators of success 


a) Quality of School 
6) Standing in Class 
(c) Extra-curricular activity 


Prestige Engineering Schools Defined 


In order to draw any rational conclusions it is neces 


sary to define what we mean by “‘prestige’’ schools. Be 
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tween 1940 and 1958, Federal expenditures for scientific 
research at colleges and universities grew from $15 mil 
lion to $440 million annually (1).'. World War II con 
tributed in large measure to this startling growth and 
we find that a handful of key universities have done most 
of the research needed to develop the atomic bomb, 
practical radar, proximity fuse, jet propulsion, servo 
mechanisms and the like. Fewer than 75 universities 
and colleges share most of the available research dollars, 
We further reduced this list to the 19 schools that are 
linked with the 28 university-associated Federal research 
centers. These 19 universities shared about $200 million 
in Federal research funds in 1958—-1959.°° ComBusTION 
selected the best known dozen universities from this list 
as an arbitrary ‘‘prestige’’ base for this study. 


How Prestige Schools Rank in Recruiting 


To establish a fair picture of the importance employers 
attach to the prestige rating of engineering colleges we 
We totaled the number of schools 
The twelve 


used this procedure 
listed as recruiting sources in each group. 
selected prestige schools then represented some fixed 
percentage of this total and we called this fixed percent 
“national numerical index.’’ So if 120 schools 

utilities the 12 prestige schools 
constitute 10 per cent-—-and the 


for the group would be 10) 


age the 
were mentioned by 
would numerically 
“national numerical index” 
rhus we would expect 10 engineers out of 
this 


this is 


per cent 
come from 


factor The na 


every 100 hired in group to prestige 


school sources if a significant 
tional numerical index for each of the four groups ts 
shown below together with the actual percentage of re 


cruiting from the prestige schools 


ADVANCED DEGREE 

NaT'l ACTUAI 
NUMERICAL SOURCES 
INDEX 


BACHELOR DEGRE! 
Nat'l ACTUAI 

NUMERICAI SOURCES 

INDEX ‘ 


UTILITIES 10.2 6.1 29.2 
INDUSTRIALS 10.2 19 16.4 

Ihese results shown graphically in Figs. | and 2 indi 
cate clearly that utilities are recruiting below the ‘“‘fair 
figure that the numerical index would indicate 
We can not con 


share 
should be drawn from prestige schools 
clude that 
the small size of the sample as compared to the industrial 


a trend has been established here because of 


Large industrials appear to be recruiting from 
our twice what the 

fair share Note that this 
holds true for bachelor degree recruits as well as for men 
Part 
be accounted for by the fact that 


sampling 


prestige schools at a rate nearly 


numerical index indicates 
with advanced degrees of the discrepancy be 
tween categories may 
the utilities do not require physical scientists or mathe 
maticians to the same degree that would be essential to 
a computer or aircraft manufacturer, for 


rhere is agreement in that both types of employers look 


instance 
more often to the prestige schools when selecting en 
gineers with advanced degrees The prestige schools 
should score more heavily in this area since all 12 offer 
graduate degrees whereas many of the others do not 

At any rate, there is practically no evidence that our 
concern over research detracting from the quality of 
undergraduate engineering instruction is presently shared 


parentheses refer to similar numbered References 


article 


Numbers appearing in 
appearing at the end of the 
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PRESTIGE SCHOOL RECRUITING BY UTILITIES 


Prestige Schools | i2 . 
Tota! Schools Listed ii7 0.2% 





National index «= 


Nationa! index 





Actual Prestige 
Recruiting 


6.1% 


PERCENT 





10.2% 




















BACHELOR DEGREE 


Prestige Schools 
Tota! Schools Listed 





National index = . ra *29.2% 


Nationa! index 





Actual Prestige 
Recruiting 





PERCENT 




















ADVANCED DEGREES 


PRESTIGE SCHOOL RECRUITING BY INDUSTRIALS 


«Prestige Schools . 
National index * Fe Schools Listed it ° 10.2% 


Actual Prestige 
Recruiting 








National index 





PERCENT 


10.2% 























BACHELOR DEGREE 


. Prestige Schools 2 . 
National index fotal Schools Leica 73 164% 


Actual Prestige 
Recruiting 





National index 


PERCENT 





16.4% 

















ADVANCED DEGREES 


Fig. 1——(left) and Fig. 2 show the part played by prestige schools in engineering recruiting by utilities and and industrials 


by employers. There is one significant factor that could 
change the entire perspective of the picture as we have 
Later it will 
the 
In fact the 
& Z, 


were to 


presented it so far—and that is geography 
be shown that location of 
most important single factor in recruitment 


Figs. | 


i school is far and away 


favorable position of prestige schools 


would be almost completely destroyed if we 
conclude that employers hired on proximity rather than 
prestige. Obviously however, we had no way of knowing 
whether a recruit was selected from a given school be 


We doubt 
even that many employment records could offer this in 


cause of its prestige or because of its location. 


formation. This being the case, the prestige schools were 
given the benefit of the doubt in all tabulations 


IMPORTANCE OF LOCATION TO UTILITIES 








100 


PERCENT 











0 : 
BACHELOR DEGREE ADVANCED DEGREES 


RECRUITING FROM IN-STATE OR ADJACENT SCHOOLS 


Geogrophy in Engineering Recruiting 

In ‘Why Engineers Work 
“Within the last few years, location has become one of 
the more influential factors in engineer job selection. At 
material attractions, it runs a close 
second to salary This interest among 
where they work, combined with the 
cruing from local recruiting, probably accounts for the 
These 


(2) Eugene Raudsepp says 


present, among 
engineers in 
convenience ac 
rather startling results shown in Figs. 3 and 4 
illustrations show the amazing degree to which recruiting 
is done on a geographical basis. In arriving at the break 
down shown here the “‘adjacent geographically’ figures 
include in-state schools and schools in states bordering 


on the employer's home state. One instance is typical 


IMPORTANCE OF LOCATION TO INDUSTRIALS 








100 


PERCENT 





BACHELOR DEGREE ADVANCED DEGREES 
RECRUITING FROM IN-STATE OR ADJACENT SCHOOLS 


Fig. 3-——(left) and Fig. 4 show how important a port is played by geography in recruiting engineers 
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of many reports but is somewhat more revealing in that 


y 


this employer listed the number of engineers on Arts sta 


by college of origin. The reader will remember that our 


rABLE I--COLLEGI 


Number of Bachelor Degre« 


Number of Advanced Degres 


Number of Colleges List 
In-State Source Colleg 
Adjacent State College 

lotal In-State and Adjacent 
Number of Staff From In-Stat 
Number of Staff From Adjac 
Sumber of Staff From In-Sta 
Jumber of Staff From Out-S 
otal Staff 


Number of Staff fro Pre 


In reviewing Table I it should be remembered that the 


covers total staff and not just annual recruiting 
this 


degree 


picture 
ibout ~ 


idy inced 


which, for firm, presently amounts to 


bachelor engineers and 5 men with 
Facilities for engineering education within this 
tact 
iveT 


that 


prestige 


degree Ss 


state are excellent and probably wccounts for the 
national 


Note 


degrees from 


that local recruitment ts higher than the 
ige in both bachelor and advanced degrees 
staff 


loo per cent 


number of with advanced 


schools is far below the national average 


34.8 per cent) but very close to the national numerical 
Reasons for this are two 


index (16.4 per cent 


staff 


degrees at 


Many of the have un 


earned 


Disagreement 
doubte dly 
schools after employment 


idvanced in-state 


lox il 


national index 


Numerical index of 


to the 


6b) Agreement prestige 


sé hools 1s very close 


\ further discrepancy exists between the number of 


bachelor degree staff from local schools (100 per cent 


ind the national average (76.9 per cent Phis variation 
we attribute to the exceptionally high number of excel 
lent engineering schools in this state his apparently 
irea that can meet all its needs and more The 
degree staff 
19.1 per close to the national 
19.4 per that it 


national trend being larger than the percentage of men 


is on 


number of bachelor from prestige schools 


cent is very average 


cent) but is surprising in reverses the 


with advanced degrees (15.9 per cent 


Indicators of Success 


In the isked for three items 


area of success we 


indicated characteristics of 
engineering graduates that 
indicators of futures 


Will you please list these characteristics in order of 


|) Has your experience 


ho, 
Ma Vt 


proved to be 
success in your organization’ 


importance ¢ 

If you have not included quality of school, stand 
ing in class and extra-curricular activities, please 
rate them in order of importance to you 


We have included the three qualities of item (3) be 
cause of the importance attached to them by American 


Telephone and Telegraph through continuing studies 
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<IAL COMPANY'S 


had asked only for the sources of annu 


rhe following tabulation shows the break 


questionnaire 
recruitment 
down of this one engineering staff 


rOTAL ENGINEERING STAFI 


From Pres! 
SCHOOLS 


LDJACENT 
(GEOGRAPHICALLY 


61 Ys 


4 


con 


this 
whether any or 


separation Cause 
all of 
specific qualities were to be ranked among the five most 
d the 


since 


fusion in some rey ; over these 


desirable Accordingly we have maintains separa 


tion in reporting results 

Item (1) we found that the electri 
had indicators of 

success (24 ‘‘ves | ‘‘no’’) to a greater degree than the 


partially 1] 


In response to 


utility group agreed it foun future 
industrial group (26 ‘‘ves 10 ‘no ; 
igreement in the 
both 


with 


no opamon here was surprising 


qualities reported as ‘‘most desirable” by 


groups 


hese ilso iwreed well reterences 
3) and (4) but differed 
is probable that much of this disagreement 

lists <. 


which 


reports pretty 


widely with reference ) It 
ises from 
different 
could be 


lumped under the various headings of this report as well 


definition of terms Reference y 


qualities or characteristics, many of 


is the headings of references (3) and (4 


rhe terms appearing in Table II are defined as follows 


ob -1nc!udes technical 


compe 


tence or ability indicated by good grades plus the 


Many 
just 


drive to actually accomplish the work 


saw extra-curricular accomplishment (not 


spectator activity) as a good indicator of drive 


Ability to get along with others to cooperate fully 
and willingly 
Personality—lumps together in 


order of times 


reported), self sufficient, well rounded, pleasant 


A bility to communicate—writing and speaking pro 
ficiency 
ndustry interest and 


Interest in thi genuine 


enthusiasm for the job to be done 
Work experience-—summer and co-op work record 
as an index o ability and self-reliance 

Attitude—interest in the work 
fringe benefits: enthusiasm 
Initiative—ability to think 
within a guidance framework 


Leadership ability to 


ind a career before 


and act for himself 


demonstrated lead har 


moniously; management potential 


That there is remarkable agreement between the quali 


industrial and 


only significant d 


ties considered most desirable by our 


1s 


utility samplings is obvious. The 
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TABLE IL — MOST DESIRABLE CHARACTERISTICS OF ENGINEERING RECRUITS 


eee COMBUSTION SURVEY 


[INDUSTRIAL [ UTILITY [REFERENCE 3 | REFERENCE 4 | 




















Ability to get 


Ability to get 
the job done e 


the job done 
(A) (A) 


— 


Ability to get 


Intelligence the job done 
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Ability to get Ability to get 
is% » along along 
(B) (8) 


--------- 








pnenandiicssnavenenenne 


industry Performance oriented ; 


Sse 














Personality 19% Leadership 
(Cc) (J) 


Sense of 
Responsibility 


Ability to get along 


EE, SE ae ee = ee eee 


r 


is% > 


| 
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Ability to deal 
with people 





Self Reliance 


(Ability tocommunicate | 14% Personality 
(0) (Cc) 














Interest in Industry 
(E) 











9% % | ren industry | 14% 














a ee ee 


o-------7------- 
ee 


8% (neste enpynce | 10% | aniyee a 


*NOTE S) ATTITUDE AND (H) INITIATIVE TIED WITH (F) FOR LAST PLACE 








placement between the two comes from the utilities Emotional stability 
higher ranking of uders| or management potential Ability to get along with others 
(Agreement with Referen }) is good if we consider that Evidence of good judgement 
intelligence and industry, ranked first and second, add Ability to make decisions 
up to Ability to get the jol ne, which placed first in our | Interest in career as opposed to “job” ot 
stud) Self-reliance, ranked 4th in Reference (3), was salary 
the most frequently mentioned ingredient of Persona/ity Capacity for leadership 
which placed third in industrial reports and fourth in 1 Willingness to contribute to job develop 
the utility ranking Performance oriented listed ment 
second in Reference umplified by Mr. Harrison Maturity 

It is not enough to accomplish things; the right things \djustability 
must be accomplished his to us means judgement § General interest in type of work and kind of 
technical and econom his quality was mentioned a company 
number of times but not frequently enough to make the Bearing, poise, self-confidence 
first six Sense of responsibility’ is explained in Refer (sood health 
ence (3) as ‘‘An engineer must evidence the personal | (Good manners 
strength and determination to complete his assignments Recognition of obligations to community 
despite obstacles his comes very c'ose to “drive family and employer 
which is a vital part of our definition of Ability to get the 2 Physical appearance 
ob done 2) Scholastic standing 

[he wide variation betv n the results shown in Sense of humor 
fable II and those of Re n >) lead us to present : Normal family life 
these latter results sey tely These rankings are Reasonable freedom from limitations im 
based on qualities listed in a Western College Placement posed by personal and family restrictions 
Bureau questionnaire and | by 552 employers f Extra Curricular activities 

Military status 

RANKING SCUALITY Marital status 
Ability t think | y ic illy 
Enthusiasm, initiative, drive It is extremely interesting to compare this list of de 
Dependability sirable characteristics with the list compiled in Com 
Ability t i unicate orally and in writ BUSTION’s survey (Table II) Note for instance that 

ing while integrity is ranked first in this list it did not re 
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a single mention in our study. We believe that 
offered a list of qualities and asked our re 
spondents to rate them 


That this quality received no mentions at 


ceive 
had we 


integrity would have placed 


very high 
all indicates only that employers expect integrity in all 


employees and hardly would hire an engineer known to 
lack it difficult to name 


a trait more desirable than integrity from any given list 


On the other hand it would be 


containing the word 
us with considerable 
first 


[wo other discrepancies struck 
impact Scholast 
in a field of 
fared even worse, placing twenty-fifth in the field 
high on the 


two of the 


standing placed twenty 


Extra-curricular 


a poor 
twenty-seven ictivities 

These 
list 


prime 


indicators were invariably mentioned 


by our respondents and of course, are 


indicators used by the Bell System approach described 


FABLE II1-—RANK IN CoLLece GRADUATIS 


lor Turrp or Class 
COLLEGES 
BELO 


\VERAGI \VERAGE 


lop Salary Third mw) 42 1) 
Middle Salary Third } SH is 
Bottom Salary Third l 23 oe 


1, 1) 


that “extra-curricular ac 


salary 


ilso conclu le 1 
fact, related to 


achievement is somewhat 


This study 


tivity 1S, 1n progress extra 


curricular compensatory for 
lower rank in class 

Before presenting the results of our survey concerning 
the desirability of these characteristics let us point out 
that about 20 per cent of the returns indicated that rank 
ing should vary with the type of job being filled. For 


; 


research positions, quality o was considered vital 


Choo 


with standing in the class a close second. A number ob 


served that for a sales or administrative position they 


Class Standing 
Quality of School 


Extra-curricular A 


Conclusions 


ire detracting from the 
are 


1. If heavy research burdens 


quality of undergraduate education, employers 
either not yet 


2. The single predominant factor in engineering re 


aware of it or are not overly concerned 
cruitment is geography 

3. Extrapolation of the results of COMBUSTION’s survey 
indicates that an amazingly large number of engineers 
hired 


centralized program of recruitment or records of progress 


are each year by companies having no formal 
qualities most de 
ability to 


ability to get along with others, per 


1. Agreement is excellent on the 


sired in candidates for engineering degrees: 
get the job done 
sonality, interest in the industry or job. ability to com 
municate, leadership or management potential 

5. The qualities determined to be the best indicators 
of success in the Bell System by continuing study: (1 


Quality of school, 2. Standing in class 3. Extra-curricular 
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G CLASS 


We 


variations and would welcome opinions from our readers 


below ire quite at a loss to explain these radical 


on the subject 


School—Class Standing—Activities 


In an earlier paragraph we mentioned that the ques 
tionnaire had requested a ranking of the three qualities 
Bell 


1928 as indicators of success im the 
later 
ace 


and extra-curricular activity 


discovered in 


and substantiated in years—quality o 


he 


based on 17,000 qualified case records, used 


System 
school, standing tn class 
Bell study 
innual salary compared to the salary of others with the 
same length of service as its criterion of success 

lable III, extracted from a Bell System report, shows 
the effect of 


salary leve Is 


choo! and standing in class on 


ichieved 


ip COLLEGE QUAI 0 SALARY PrRoGRESS 
Mippie THirp I Bottom Tutrp or CLass 
COLLEG! COLLEGES 
Bet 
BETTER \VERAGI \VERAGE 
38 f 2 rn 3 
38 ; 3 53 37 
24 ; , fh - 10) 


LOO, l | / | oo’ 10 


would look first to extra-curricular « vily as an indicator 


ol success 


here was a tnarked disagreement between the utilitic 


and industrials here—autilities giving first place to qua 


) 


chooi ma l3to7 


f the industrials favored 


This is odd 


when we consider that the utility group recruiting from 


o ratio while 


standing in class by 21 to 14 first place votes 
prestige schools was below the national numerical index 
while industrial recruiting from the prestige group is well 
Figs. | and 2 Table [V shows the 


above the index (see 


voting for these qualities 


SCHOLARSHIP Fa 


Quality of S 
Class Standing 


Extra-curricular Activity 


rated differently by industrial and 
utility groups. The utilities rated quality of 


by a wide margin, probably because they tend to recruit 


activities) were our 


choo! first 
from a small number of schools known to provide the 
training they The 
other hand, ranked standing in cla 
the difficulty of rating 
schools they draw from 


type of need industrials, on the 


first, probably be 


cause of the wider range of 
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Inside the Engineer, 


Between the Lines 
1960 


Read 
Vanagement, Oct 


ollege Graduate 
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American Power Conference Program 


= twenty-third annual 1 
the American Power Conf 
ve held on March 2 2 
herman Hotel in Chica, 
The Conference i 
is Institute of Technol 
with fourteen leadir 
ind mine national and reg 
throughout the United St 


Mar 
istration 
1) am 


; 
reling 


lairman Thon 
lent, Common 
pany, Chicago 
Chairman Burge 
Professor of Mechani 
ing Northwestert 
Evanston. Il 


Invocation The 
Donald Roll, S.J., Cl 
ics Department and 
the Seismological St 
University, Chicago 
William | Crawford 
Edward Valves Inc. a 
Republic Flow Meter 
Subsidiaries of Rockw 
turing Company 
Our Changing Per 


12:15 pom = 
or Spon 


ely of Mechanical FE 


hairman Wilham H. | 
dent, American Societ 
ical Engineers 
Chairman: E. J. Carrar 
Chicago Section ASMI 
speaker: Sherman Konapy 
Edison Electric Institute 
00-5:00 pm 
lvon No. 8 
Sponsored t 
is UF 
H w, Chief Me 


Engineer Philadelphia 


Chairman ] 
chanical 
Electric Company, Philadelphia 

Chairman: H. L. Solber \ssociate 

Dean of Engineering, Pur: 


versity, Lafayette, Ind 


Initial Operation of A 

\ Supercritical Plant N. F. Gill 
Manager, Mechanical E: 
Cleveland Electric Illuminating 
Company, Cleveland, Ohi 


yineering 


Supercritical Boiler Operating Ex 
periences at Avon N 
Argersinger Engir 
ind Product Developn 
Gordon C. Smith, Field S 
gineer, Combustion Er 
Inc., Windsor, Conr 


[he Avon Superpressure Steam 
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Generator Unit .‘< 
Consulting Engineer 
und J. A. Carlson, Supervisory En 


lurbine 


Franck ow 
gineer, Steam Division, Lester, Pa 


2:00-3:00 pm Water Technology 


High Purity Vater 


Chairman: M. D. Baker, Chief Chemist 


West Penn 
Springdale, Pa 
Co-Chairman: G. A. Hellman, Associate 
Professor of Mechanical Engineer 
ing, Michigan College of Mining and 
Houghton, Mich 


Power Company 


Fechnology 


Effective Deaeration in Surface 
Condensers—Recent Experiences 
Paul J Manager, Con 
denser and Pump Division, C. H 
Wheeler Manufacturing Company 
Philadelphia, Pa 
Method for 
Sensitivity of Conductivity Meas 


Hamm 


4 New Increasing 
urement of Steam Purity R.W 
Lane, Chemist: C. H. Neff, As 
sistant Chemist, and T. F. Larson 
Head, Chemistry Section, Illinois 
State Water Survey, Urbana, II! 

Application Considerations— De 
mineralization and Flash Evapora 
tion M. I 
development, Ionac Chemical Com 
pany, Birmingham, N. J., and J 
Mack, Process Engineer, The Per 
mutit Company, New York, both 
Pfaudler Permutit 
New York Cit: 


Gilwood, Director of 


Divisions of 
Company, In 


2:00-5:00 p.m. Industrial] 
( ondtitionting Spon sored by 
Soctety of Heating, Refrigerating and 


Space lir 


| merican 


lar Conditioning Engineer 


Chairman: Gilbert F. Carlson, Chief 
Engineer, Specialties Division, Bell 
& Gossett Company, Morton Grove 
Ii! 

Co-Chairman 
President 
RAE, H. A 
Chicago, Ill 


William V. Richards 
Illinois Chapter, ASH 
Phillips & Company 


Off Peak Electricity Using Stored 
Water for Space Heating Stanley 
B. Tupper, Engineering Depart 
ment, Bell & Gossett Company 
* Morton Grove, Ill. and Raymond 
J]. Vertovec, Engineer, Electric Heat 
Technical Section, Commonwealth 
Edison Company, Chicago, II 
A New Approach to Heat Pumps 
Gilbert M. Warren, Sales Engineer, 
Carrier Air Conditioning Company 
A Division of Carrier Corporation 
Chicago, Ill 
‘Thermoelectric Heating and Cool 
ing Devices |. D. Richards 
Thermoelectric Products, Minne 
sota Mining and Manufacturing 
Company, St. Paul, Minn 


High-Temperature High-Pressure 
Hot Water Heating D. Lorne 
Lindsay Professional Engineer 
Wiggs, Walford, Frost and Lindsay 
Consulting Engineers, Montreal 


800-1000 p.m Future Sources 


Electrical Power 


Reiffel, Director of Phy 
Armour Research 


Chairman: | 
sics Research, 
Foundation, Chicago, II] 

Co-Chairman: David C. White, Profes 
sor of Electrical Engineering, Ma 
sachusetts Institute of Technolog 
Boston, Mass 


Nuclear Fuel Cell 
R. W. Henderson 
of General Motors 
Ind 

rhe Status of Research in Thermo 
Sterling Colgate 
Laboratory 


Research 
Allison Division 
Indianapoli 


nuclear Power 
Lawrence Radiation 
Livermore, Calif 

Engineering Frontiers of Thermo 
nuclear Power C. W. Little, Ir 
Director of Operations, C-Stellera 
tor, Associates, Princeton, N. |] 


Wednesday, March 22,1961. 9:00 a.m 
12:00 Noon Central Stations I] 
Commercial Operation of the Breed 
Plant 


Chairman Plulip Sporn, President 
American Electric Power Service 
Corporation, New York, N. Y 

Edwin H. Snyder, Vice 
Electrix 
Operations, Public Service Electric 
and Gas Company, Newark, N. ] 


Philip 


Co-Chairman 
President in Charge of 


rhe Project 
President, AEPSC 
The Plant os 
Head Mechanical 
Iivision, AEPSC 
Steam Generation G. W. Bice 
Assistant Head, Mechanical En 
gineering, Division, AEPSC 
Turbine C. P. Lugrin 
Engineering 


sporm 


Frankenberg 
Engineering 


Head 
lurbine Section 
AEPSC 

Chemistry E. B. Morris, Head, 
Chemical Section 
AEPSC 

Generator and 
tures C. P. Zimmerman, Head 


Engineering 
Electrical Fea 


Electrical Engineering Division 


AEPSC 


Supported by the following papers and 
co-authors 


“Breed Plant Philip Sporn 
President and S. N. Fiala, Vice 
President and Chief Engineer 
American Electric Power Service 
Corporation 

“Steam Generator.” G. W. Bice, 
Assistant Head, Mechanical En 
gineering Division, AEPSC; Ed 
Griffin, Field Supervisor, Service 


57 





AUTOMATIC 


DESIGNERS 
AND 
BUILDERS 


MODERN 
EQUIPMENT 


* 
DE-IONIZER 


Here is a typical fully-automatic De- 
lonizer, skid-mounted, loaded with 
resins, tested, ready for hook-up in 
your plant. A complete Control Panel 
not shown), built by IWT, is in 
cluded. Valves are exclusive [LLCO 
MATIC, high-density polyethylene, 
specially designed for ionXchange 
service, pneumatically-operated, and 
proved reliable in extensive use 


FOR ANY PROCESS REQUIREMENT, 
OR HIGH-PRESSURE BOILER 
MAKE-UP 


Such De-lonizers are used to provide 
extremely pure water, tailored to 
specifications for all kinds of pro 
cesses, or to the particular conditions 
for make-up of modern high-pressure 
boilers 


TELL US YOUR NEEDS 


Our pioneering ¢ xperrence eatned 
since the wery beginning of 10n 
exchange, is avatlable for the su 
cessful solution of your water-treat 
ment problems. Call your IWT 


representative 


ILLINOIS WATER TREATMENT CO 
840 CEDAR ST ROCKFORD ILLINOIS 
FICE N York NY 


Engineering and Paul Koch 
Manager of New Products, Exam- 
ination Engineering, The Babcock 
& Wileox Company 
lurbine-Generator P.G Ip 
sen, Supervisor of Turbine Con 
trol Engineering: J]. A. Massir 
ill, Supervisor, Generator Ele« 
trical Engineering, General Elec 
tric Company C. P. Lugriu 
Head, Turbine Section and J]. A 
Oliver ~ Electrical 


Engineering Division, Americar 


Engineer 


Electric Power Service Cory 
rhermal Cycle Equipment and 
Performance r. T. Franket 
berg, Head, Mechanical Engineer 
ing Division and J. A. Tillinghast 
Staff Engineer, American lec 
tric Service Corporation 
Instrumentation and Control 
A. S. Grimes, Head, Results See 
tion and W. S. Morgan, Senior 
Engineer, AE PSC 
Chenncal Control and Chemical 
Cleanuy E. B. Morris, Head 
Chemical Section, AEPS¢ 
Piping System G. I Lier 
Head Piping ind Metallurg 
Section and A. J. Breugelman 
Engineer, Mechanical Engineer 
ing Division, AEPSC 
Plant Electrical Features, Switch 
ing and Transmission. C. P. Zim- 
Electrical Er 
Division and 7 


merman, Head 
vineering 
Nagel, Head, System Planning 
ind Analytical Division, AEPS¢ 
Civil Engineering Work, Coal 
Handling and Supply H. A 
Kammer, Executive Vice Presi 
dent, Engineering, Constructior 
ind Purchasing and E. A. Kam 
mer Head Design 


AEPSC 


Divisior 


1200 N 


(ont? 


Chairman: |]. H. Kinghorn, Technical 


Vice President, Power Divisio 
AIEI American Electric Power 
Service Corporation, New York 
N. ¥ 
Chairmar 
Electrical Engineering, University 
of Minnesota, Minneapolis, Min: 


Professor of 


1 


Automation of System Operation 
L. K. Kirchmaver, Manager, Svs 
Analytical En 
gineering and H. J. Fiedler, Ap 


tem (Generation 


plication Engineer, System Prote: 
tion and Control Engineering, Ele« 
tric Utility Analytical Engineering 
Operation, General Electric Com 
pany, Schenectady, N. Y 
Automatic Power Plants—Ap 
plication of Control Computers 
B. L. Llevd, Manager, Generation 
Section, Electric Utility Engineer 
ing and R. E. Squires, Engineering 
Manager, System Control and In 


trumentation Section, Power Cor 
trol and Communicati Depart 
ment, Westinghouse Electric Cor 
poration, East Pittsburgh, Pa 

rhe Installation of Aut 
Controls in an Existing 

Plant for Minimum Dowr 

lr. H. Bloodworth, Senior 
Engineer, Allis-Chalmers M 
turing Company, Milwaukee 

|}. A. Reich, Production Ma 
Gulf States Utuilitu Company 
| umont Tex and I Merl 
Wilsor MIanayer, Milwaukee Op 
erations for Consolidated Systen 
Corporation 

Monitoring, Lo ind ¢ 

Performance 
Coal and Qhil Fired 
Maurice J]. Feldman 
Superintendent of Engineerir 
nd John VM 
Ir Assistant Superint 
Production, Boston Edis 
ston, Ma 


onstructs 


at 1ISM/ 


urman lames R Jone 

Coal Company, Chicag | 
Chairman Meserve, Dow 
Chemical any Midland 
Mich 


Coal Properties as Related to the 

Corrosion of High Temperature 

Boiler Surfaces |. T. Reese 
earch Engineer and Jam 

kin, Section Leader 

earch, Combustion 

Im 

Koopman, Vice President, I 

Energy, Inc., Joppa, Ill, 
Liberation of Pyrite tron 
vals R. A. Glenn, Super 


Chattanooga, Tenn. ar 


4 
Chemist and R. D. Harris 
I 


nyineer Bituminou ¢ 
search, In lumbus, Oh 
Effect 


Furnace 


trial 111 


urman | Wilkes 
Research and Developn 
born Chem 

Ill 
Chairmat \. B. Alter 
Mechanical Engineering 
tural and Mechan 
Texas, College Station 
luts 
trial Water Treatment Problen 

R. S. Walters Supervisor, Tech 


nological Coordination, Power Pr: 


Some Practical S 


duction Division, United States 
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4 


} 


Steel Cory 


orat 


Chicago, Ill 


Boiler S« 
Chelating 


Chemical Engit 


Company 
Effective 
nent rf B 
vide Safe 


W. Strub 


{ 


Freer 


Temy 


ile P 
4 


Power Engineer 


gent 


' 


yr 


“CT VICE Divisi 


partment 
mours ar 
Del 


I iT 


lar iy 


\ 
Allis 
Compar 


»Chairmar 


PI 


Researcl 


COMBUSTION 
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of Electrical Engineering, Univer 
sity of Michigan, Ann Arbor, Mich 
Factors Af 
Howard Eus 


Fundamental 
fecting Peaking ] 
ton, Vice President Business Re- 
search Corporation, Chicago, Il 
and W. A. Lewis, Research Profes 
sor of Electrical Engineering, Illinois 
Institute of Technology, Chicago 
Il 

Electromotive Power for Peaking 
Area Backup and Reserve B. B 
Brownell, Director of Research and 
Engineering, Electromotive Division 
of General Motors Corporation, La 


Some 


Grange, Ill 

Gas Turbines for Peaking W 
D. Marsh 
Power Generation 
Electric Utility 
tady, N. ¥ 


Application Engineer 
Engineering 


Section, Schenec 


2:00-5:00 pm 
Operation Sponsored by the 


Division of AIE]I 


R. Moore, Manager of 
Engineering, the Detroit 
Company, Detroit, Mich 

Co-Chairman: ]. ]. Carey, Professor of 
Electrical Engineering, The Univer 
sitv of Michigan, Ann Arbor, Mich 


System Planning and 


Power 


Chairman: E 
Edison 


Automation of System Planning 

F. J]. Maginniss, Manager, Special 
Studies and Digital Analysis En 
gineering, G. D. Galloway. Ap 
plication Engineer, System Genera 
tion Analytical Engineering and A 
|. Wood, System Generation Analy 
tical Engineering, Electric Utility 
Analytical Engineering Operation, 
General Electric Company, Sche- 
N.Y 

of a Vear of Long Range 
Simulation 3 


nectady 
Result 
Planning by 
Generation Engineer 
Utility Engineering De 
Westinghouse Electrix 
Pittsburgh, Pa 


Casazza, Transmissior 


Baldwin 
Electric 

partment 
Corporation, East 
and J. A ! 
Planning Engineer, System Plan 
t Department 


Electric and Gas 


ning and Developmer 
Public Service 
Compan Newark. N. | 
Coordinated Use 
Steam Generatior 
Interconnected System 
Brudenell, Chief 
Branch, Division of Power Svstem 
Operations and Jack H. Gilbreath 
r, Operation Planning Sec 


stem Loading 


ision of Power System Op 
Valle Au 


Penn 


Tennessee 
Chattanooga 
of Electric Svs 
Assistant 
Philadel 
Philadel 


recasting 
tem Loads S. S. Clair 
Chief Load Dispatcher 
phia Electric Company 


phia, Pa 


Industrial IV —Central 


Steam Generator 


2:00-5:00 pm 
Station IT] 


Chairman: Chester R. Earle, Special 
Projects Editor, Power Engineering 
Barrington, Ill 

Co-Chairman: D. J. Renwick, Asso 
ciate Professor of Mechanical En 

Michigan State 

Mich 


gineering Univer 


sitv, East Lansing 


Preventing Furnace Explosions 
The Application of Flame Detector 
and Their Function in a Complet 
Protecting System MW 
L Livingston Group 
Leader and P. Gray, Ir., Research 
Fuels Section, Kreisinger 
Com 
Chat 


Furnace 
Burner 


Engineer 
Development Laboratory 
Engineering, In 
Tenn 

Flue Gas Sampling and 
for O, mm Cyclone Furnace Fired 
soilers F. C. Luxl, Field En 
Leeds and Northrup Com 
pany, Philadelphia, Pa., and | 
J. Osochowsky 
Bridgeport Harbor Station 
Illuminating 
point, Conn 
Application of Centrifugal Com 


bustion 


tanooga 


Analysi 


gineerT 


Results Engineer 
United 


Company Bridge 


pressors to Soot Blower Systems 
|. W. Locke Manager 
Contract Engineering and R. G 
Thesing, Contract 
mond Power 


Assistant 


Engineer, Dia 
Specialty Compan 


Lancaster, Ohio 


200-500 p.m HW ater Technolog, TT] 
Condensate Polishing 


Chairman: Louis F. Wirth, Ir., Mana 
ger, lon Exchange Division, Nak 
Chemical Company, Chicago, Il 

Co-Chairman ] } Hodan, Sales 
Manager, Water Conditioning Sec 
tion, Allis-Chalmers Manufactur 

Milwaukee, Wis 


Plant Experience High 
Rate, Externally Regenerated Con 
Polishing Demineralizer 
Dresden Nuclear Generating Sta 
tion A. P. Sisson, Chemical En 
Com 


ing Company 


Flow 


densate 


gineer, Generating Stations 
monwealth Edison Company, Chi 
cago, Ill R. ¢ 
Atomic 


irtment 


Reed, System 


Specialist Power Equip 
General Elec 
tric Compar San Jose, Calif. and 
H. W Manager, Ion Ex 


change Infileo, Ine 


ment, Det 


Frazer 
Department 
Pucson, Ariz 
Condensate Scavenging 
ing Results in Three Central Sta 
tion Plant V. ]. Calise, General 
Sales Manager and | 4 
dusky, Chief Research 
Graver Water Conditioning Com 


{ Iperat 


Leve N 


Engineer 
pany, New York, N. ¥ 


6:30 p.m lll Engineers Dinner 


Presiding: C. J. Forsherg, President 
Wisconsin Power and Light Com 
Madison, Wis 
Entertainment: Spartan Bell Ringers of 
Michigan State University 


pany 
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Speaker: H.G. Ebdon, President, € 
bustion Engineering, Inc 





Thursday, March 23, 1961. 9°00 a.m 
12:00 Noon Central Stations I\ 
Sponsored by the Power Diwiston of the 


imerican Soctety of Civil netneer 


Chairman: M. P. Aillery, Chairman 
Power Division, Executive Com 
mittee ASCI Chief Structural 
Engineer, J]. G. White Engineering 
Company, New York, N. Y 

Chairmar Richard N. Bergstrom 
Associat Sargent & Lund 1 


Design gineers, Chicago, III 
VA's Paradise Steam Plant 
Features 


H50,000-Kilowatt Units iN 
Elhott, Chief Water Control 
ning Engineer W. I Emm 
Chief Design Engineer and H 
Lofft, Chief Construction Engin 
Tennessee Vall Authorit K1 
ville, Tent 

Applhicatior f } 
Facility to Analysis and Desigt 
Steam Turbine Generator n 
Systems }. K. Dixon, Thermal 
Power Department, Allis-Chi 
Manufacturing Department 
waukee, Wis 

Comparison of Contractual 
rangements for Utility an 
trial Projects William 
kins, Consulting Engineer 
ind Webster Engineering 
tion 

Cooling Pond or Cooling T 
An Overall Appraisal 
Steur, Associate, Sargent & 
Engineers, Chicago, III 


9:00 a.m.-12:00 Noon Power 
luxtliartes Sponsored by the 
Diviston of ASMI 


Chairman: Charles D. Birget 
Mechanical Engineer Com 
wealth Associates, In Jacl 
Mich 

Co-Chairman: K. G. Picha, Ass 
Director, School of Mechanical 








Only Richardson builds all 25 advanced-design 


gineering Georgie Institute 
Pechnology, Atlanta, Ga 


features into one automatic coal scale. Result: 


The last word in accessibility, simplicity, and Philadelphia Electric Compat 


accuracy ... long-term trouble-free operation . .. Multi-Stage Flash Evaporator 


and low maintenance. For the whole story on 
the new Richardson H-39C write : 

. . . ‘Be \ Assistant Chief hemi 
Richardson Scale Company, Clifton, N.J. 


Operating Department, Philadel 
phia Electric Company and ID) 
Crane, Design Engineer, Heat Ex 
changer Section and E. F. Staleuy 


para, Engineer, Mechanical 
} neering Department and W. B 
or phone 


Senior Negotiation Engineer, Sal 


Heat Transfer Division, Westir 
house Stean Division Lester, Pa 
Sales and Service Branches in Principal Cities Corrosion and Vibration in Small 
Also manufactured in Europe to U S standards ‘ 1 1 
Richardson Scales contorm to U S Weights and Steam Turbines Stanford Nea 
res 4-44 f ‘our protection ’ 
pecnee wat cnt pc Manager Advance and Develo 


! Engineering, and W | 
MATERIALS HANDLING BY WEIGHT SINCE 1902 _ * ar 


Caruso, Structural Engineer, Sn 


ij 


Steam Turbine Department, Ger 
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eral Electric Compan Fitchburg 


\Lass 
Second High 


Igor 


Progress Rey 
Speed Boiler Feed Pum; 

]. Karassik, Consulting | 
and Manager of Plannit 
Elhott F. Wright, Chief 
High Pressure 
Division, W 
tion, Harrison 


ngineer 

ind 
nygineer 
Pumy Harrison 
orthingtor ( 


N. J 


and (Operation wt 


ry Ta 


Development 
Fluid Drives for Tt 
tor Driven Boiler 
R. D. O'Neil, Prod 
Fluid Drive Ame 


Industrial Divisi 


rinne-(,enera 


d Pur 
Mar 


12:15 p.m 
Sponsored 


icngineers 


Chairman: Rayn 
dent, Western 
Co-Chairman Jo 


President and 


societ 
eph ¢ 
Dear 
ite School, [lino 

rechnology 
Speaker ritus 

Nuclear Py 
Atomic, San 


G 
ywer 
eral 
Subject 


Energ 


200-500 pn 


Ber 


Emeritus 


Chairman 


ing, Umiv 

son, Wi 
Co-Chairman 

Professor 
New 
N. ¥ 


Here almost dwarfed by its surround- 
ings in the new R. L. Hearn Generat- 
ing Station, Ontario, this 
Permutit® de- 
mineralizer helps quench the thirst of 


ing 
York 


Toronto, 


automatic mixed-bed 


Improvement i 
Mw Comb 
Over a Convents 
Plant H. J. Peter 


dent and Power (¢ 


generator units | to 8. 

This demineralizer deliver 
240,000 imperial gallons of boiler feed- 
water a day at a nominal flow rate of 
300 gallons per minute. Total solids 
content of the raw water it treats is 4 


can 


Engineers and Con ' 
Philadelphia, Pa. and 
phens, Manager Er 
We 

Lester 

for I 


\rurbines grains per gallon. The unit can deliver 
water with an average specific con- 
ductivity of approximately 0.3 micro- 


SC jluble 


Corporation 

Binary Cycle 
Pevt 
Aronsot Cor 
Product I 

thington (¢ 


N | 


ohms per centimeter, and a 
silica content of 0.02 ppm 
That is pure boiler feedwater. 

And it saves money, too. Because tl is 
Permutit demineralizer produces 
high quality water at a lower cost than 
possible with evaporators. Still further 
its 


steam 
David 


vanced 


its 


2:00-5:00 p.m 
ics of Power P! 


economies are assured by labor- 
saving, push-button automatic control 

Deaerators, too. Further 
treatment at Hearn Station is accom- 
plished on units 6, 7 and 8 with three 
of the design open 
direct-contact deaerators, 


PFAUDLER 


Specialists in FLUIDICS 


feedwater 


advanced 
Permutit 


most 


Utilities 
R. Chadwick, ¢ 
Ill 


Chicago 
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FLUIDICS* ar work 


Photo courtesy Ontario Hydro. 


Thirst-quencher for Ontario Hydro’s 
largest thermal generating plant 


each guaranteed to deliver 1,450,000 
lb. per hour of deaerated water. Each 
deaerator is designed for 100 psig pres- 
sure and provides storage capacity for 
28.000 gallons of deaerated water 
The Permutit Company of Canada, 
Ltd. supplied the demineralizing 
equipment for this important 
Stone & Webster Limited 
were the consulting engineers. Simi 
larly, we can work with you or your 
consultant to help solve boiler feed 
water and other water treatment prob 
lems. Our technical staff is at your dis 


job 
Canada, 


posal. 

For more information, write our Per- 
mutit Division, Dept. CO-21, 50 West 
44th Street. New York 36, N. Y 

In Canada, The Permutit Company 
of Canada, Ltd., 207 Queen's Quay 
West, Toronto 1, Ontario 





*FLUIDICS the Pfaudler 

Permutit program that integrates 
knowledge, ecjuipment and ex- 
perience in solving problems in- 
volving Huids 


PERMUTIT inc. 


...the science of fluid processes 


is 
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DO SECOND BEST 
MORTARS 
REALLY 


COST LESS 
THAN 


UPER 
3000? 


*Y & INSULATION cor’ 
ae 


a 





NO, and it has been proved hun- 
dreds of times. Initially you may 
pay on the average of 3/10¢ more 
per brick for SUPER +3000 protec- 
tion.* But here's what you get: 


—Moximum insurance against expensive 
joint failure and down time 


—Maximum insurance against high main- 
tenance labor and brick replacement 
outlay 


When a second best mortar fails because it 
can't take rough service, the cost is always 
many, many times greater than 3/10¢ per 

brick. The second best mortar is therefore far * 
more expensive than SUPER #3000 


Figure about 350 pounds 
of bonding morfar per 


More than 25 years of service reports have 1000 brick 
proved that SUPER #3000 costs far less in Difference in cost 
. between 2nd best mortor 
the long run ond SUPER 33000 
the "NO EQUAL” 


SUPER #3000—the “NO EQUAL MORTAR” mortar, is about $17.00 
° . per ton, or 3/10¢ per 
is the lowest cost insurance you can buy. brick? 


Write for SUPER #3000 SERVICE REPORTS, 
TECHNICAL DATA, FREE SAMPLE. i 


. aenig 4 
124 WALL STREET + NEW YORK 5, N. 


Costable and Bending Refr ies; FURNACE BLOK; 
Bionkets, Block, Plestic ond Fill Insulotions 
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ROCKWELL-REPUBLIC 


V-5 gauges combine small size 
with big-gauge readability 


TRY THIS 
“CUTOUT TEST" REPUBLIC = 
PUBL 


For a true demonstration 
of the readability of Rock- 
well-Republic V-5 gauges, 
cut out the actual-size photo 
at the right. Mount it on 
any wall or panel board 
Step back and see how easily 
the scale can be read, even 
from 10 or 12 feet away! 


BIG-GAUGE 
ACCURACY, TOO 


Compact V-5 gauges are 
equipped with electric re- 
ceivers or full sized dia- 

hragms, bellows, and 
elixes for maximum accu- 
racy and sensitivity. Yet 
these Rockwell- Republic 
gauges require one-fourth 
the panel space needed for 
standard gauges 


GROUP MOUNTING 
INCREASES 
VERSATILITY 


As many as eight gauges 
can be grouped in a single 
mounting case. Types can 
be mixed to meet individual 
panel requirements. Mount- 
ing is simple, too. Just a 
panel cutout is required in 
most cases 

There's a V-5 gauge for 
almost every process meas- 
urement. Mail the coupon 
today for the 12-page bulle- 
tin on these easy-to-read 
gauges, and for available 
literature on other Rock- 
well-Republic instruments 
controls, and valves. RF-22 


Ti 
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ROCKWELL ® 





Panes ep apeneeeaaanes 


Please send iatest 
literature on the following: 


0 V-5 Gauges © Process Transmitters ) Controliers 

©) Computing Relays © Control Stations © Recorders 

0) Flow Meters ) Drive Units Control Vaives 
0 Desuperheating & Pressure Reducing Systems 

0) Electronic Control Systems Pneumatic Control Systems 


Name Title 
Company 


Adcress 
City__ = Zone State 


Republic Flow Meters Co. (Subsidiary of Reckwell Manufacturing Company 
2240 Diversey Parkway, Chicago 47, Illinois 
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This compact Package Air Preheater is 

being installed on a 150,000 Ib/hr boiler 
at Olin Mathieson Chemical Corp.'s Srand- 
enburg, Kentucky, petrochemical piant. When 
in operation it will recover enough heat from 
the boiler exhaust to increase efficiency of 
the boiler between 8% and 9%. 


OLIN MATHIESON RECOVERS 360°F 
FROM BOILER EXHAUST WITH 11'/2' x 11’ x 8’ 
PREASSEMBLED LJUNGSTROM PACKAGE AIR PREHEATER 


Olin Mathieson specified a Ljung- 
strom Package Air Preheater 
because it saves space as well as 
fuel. Mathieson’s Ljungstrom 
occupies only about 1000 cubic 
feet, but cuts boiler exhaust tem- 
perature from 680°F to 320°F 
puts 360° of heat back to work in 
the boiler 


The compact preassembled 
Package Air Preheater is ready to 
run when it’s delivered—just con- 
nect to the power line and ducts, 
and it’s on-stream. You make big 
savings on installation because 
there’s no on-the-spot erection. 

You can use a Ljungstrom Pack- 
age Air Preheater on boilers from 


25,000 to 250,000 pounds of steam 
per hour. For more information, 
write today for your free copy of 
a 14-page booklet. 


THE AIR PREHEATER 
CORPORATION 


66 nd Street, New York 17, N. Y. 
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. VALLEY CAMP 
Quality Coals 


# 


Engineered 
for 
Better Burning 


Our combustion engineering service is available 
to help you solve your steam cost problems. 


THE VALLEY CAMP COAL COMPANY 


Western Reserve Building ¢ Cleveland 13, Ohio 


SUBSIDIARIES 


Great Lakes Coal & Dock Co., Milwaukee, Wis. * Great Lokes Coal & Dock Co, St. Paul, Minn. © The 
Valley Camp Coal Co. of Canada Lid Toronto &2 Fort William. Ont . Kelley's Creek & North 
western Railroad Co. © Kelley's Creek Borge Line Inc © Pennsylvania & West Virginia Supply Corp 


SALES OFFICES — 


Philadelphia . Baltimore . Buffalo . Pittsburgh . Wheeling . Cleveland ° St. Paw 
*® Cincinneti © New York © Milwovkee © Superior, Wis © Fort Williem, Ont * Toerento, Ont 





Specimens of copper powders, balls and 

balled sheets which can be removed from VU 
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